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UNCLASSIFIED  ABSTRACT 


(tl)  This  technical  report  describes  analyses  and  techniques  used 
in  the  design  and  evaluation  of  advanced  decoy  concepts.  The  work 
described,  addresses  both  the  design  of  specific  penetration  aid 
elements  and  the  formulation  of  techniques  for  their  evaluation. 
She  three  major  technical  areas  covered  in  this  report  a,re: 


i«  Investigation  of  a  penetration  aid  technique  that  degrades 
the  measurement  capability  of  the  radar  sensor. 


2*  The  design  of  a  computer  program  to  solve  the  decoy  design 
problem  with  flexibility  in  the  selection  of  optimization 
criteria  and  constraints. 


3*  (Studies  of  the  use  of  certain  discrimination  techniques 
for  a,  hard  point  defense  system. 


this  appendix  to  this  report  contains  the  Input-output  information  for  the 
'Optimum  decoy  design  program. 
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1.0  Introduction 

This  manual  for  the  ADTECH  Optimum  Decoy  Design  Program  Is  da  signed  for 
immediate  reference  by  the  person  actually  filling  out  the  Input  sheet#  for 
the  program .  It  contains  discussions  descrli  tng  the  input  Interrelationships 
and  a  number  of  tables  which  are  useful  to  the  user.  Each  of  the  Input  symbols 
are  defined  in  detail  and  suitable  notes  and  on  nments  are  Included  along  with 
the  definitions .  Blank  input  sheets  are  Included  which  may  be  reproduced 
for  production  u#@  of  the  program.  Input  sheets  and  a  listing  of  the  actual 
input  card  image#  are  included  for  one  long  check  problem  and  seven  short  one*. 
The  total  printout  for  the  seven  short  problems  and  selected  critical  parts 
of  the  printout  for  the  long  problem  are  included  along  with  a  detailed 
description  of  the  output,  'The  plots  produced  by  these  check  oases  are  also 
presented.  These  check  problems  and  their  descriptions  provide  a  means  tor 
testing  the  operation  of  the  program  at  other  installations.  {  \ 

r<*, 

Flow  charts  of  the  subroutines  of  the  overall  program  are  shown  in 


Figures  1  and  2  tor  reference. 


2,0  PiUcuaialon  of  tout  Technique 


fbt  primary  uae  of  ttoe  Optimum  Decoy  Design  Program  Involves  the  comparison 
of  mtettlated  Annoy  performance  date  with  stored  reentry  vehicle  data  and 
subsequent  adjustment  of  the  decoy  design  to  Improve  or  optimise  Its  perfor¬ 
mance  .  Seooodary  uses  of  the  program  Include  the  evaluation  and  comparison 
of  ,»  single  decoy  with  a  reentry  vehicle,  calculation  of  ttoe  trajectory  of  a 
single  object  'without  comparisons,  calculation  of  drag  coefficients  for  flight 
or  wind  tunnel  conditions  without  trajectory  calculations,  and  classic  check 
problems  for  research  In  'Optimisation  methodology .  Since  the  requirements  for 
idecoy  jmrformsuce  wary  with  mission  objectives,  considerable  flexibility  in 
Stating  ttoe  problem  torn®  been  coded  Into  ttoe  program.  The  requirements  for 

lead  to  a  algnlflcent  number  of  Input  options  and  Input  quantities 
in  'tip  program!  however,  for  current  use.,  a  large  number  of  quantities  have 
been  *pre»»t'""  to  'totlf  'relieve  the  user  of  the  need  to  enter  ttoe  same  'data 
over  and  over,  A  word  of  .caution  IS  necessary,  however,  to  indicate  that  the 
UMr  |p®  tto#  ultimate  re«p»nsi!bmty  for  Judging  whether  the  preset  values  of 
the  input  *»  switetoM  for  tote  'particular  problem, 

8,1  Input  Interrelationships 


Many  of  the  input  .quantities  are  not  used  in  a  typical  calculation. 
It  I®,  helpful  to  the  near  if  he  can.  concentrate  his  attention  ora  those 
inputs  which.  will  he  used.  Figure  3  shows  an  Avco  invented  device  for 
presenting  the  inter re:latlons.hlps  between  the  inputs.  This  'presentation 
allow®  ttoe  user  to  identify  the  input  quantities  which  actually  need 
attention  Mag  ttoe  preparation  of  ttoe  inputs. 

It  1®  essential  that  the  user  'have  an  unambiguous  and  complete 

atdtWhiM  Vi  tol*  Objective®  and  requirements  clearly  in  mind  before  toe 
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prepares  the  Input  or  attempts  to  use  Figure  3.  One  of  the  'meet  common 


problems  with  a  large  program  comes  about  When  the  user  attempts  to 


change  the  objectives  of  .hi#  caloulations  after  the  preparation  of 


the  Input  sheets  has  been  started,  The  wisdom  of  not  changing  tome* 


In  .mid-stream  applies  to  the  preparation  of  these  inputs. 


Figure  3  1«  Intended  to  be  used  in  the  following  manner,  With  id  clear 


statement  of  objectives  In  mind,  the  user  starts  at  the  top  of  the  table 


and  looks  up  the  definitions  of  the  quantities  which  are  listed  Where 


In  the  Definition  of  Input  Symbols  section  of  this  report.  As  <vm3iifae 


of  the  option  codes  arc  determined,  associated  symbols  Meted  hmtSer  theme 


Tttoes  In  Figure  3  must  he  looked  op  and  their  ,lues  assigned,.  These 


associated  symbols  are  listed  only  for  the  beer's  consideration  and 


do  iuot  .guarantee  that  the  symbol  will  actimllir  he  meed,  :Im  some 


the  listed  symbols  may  contain  a  few  symbols  'which  are  mot 


being  used  in  the  option  being  considered  but  were  added  to  simp 


the  oonetmctlon  of  the  table .  tmdrng  out  a  given  pebble*  'hit!  rtwhlt 


In  a  path  down  through  this  table  which  provides  a  "mid**!#1"  o jf  the 


Inputs  wtalrih  should  be  reviewed  for  that  problem,  !fhii»  path  does  ntt 
omiss  any  vejptioal  Mines .  A  symbol  with  .am  equal  sip  ;tedit»te»'  «U*| 


the  symbol  should  be  Input  to  'have  the  indicated  valine  „  tttSh  -ftp  *y 


UliCMUt  input  symbols  identified,  the  input  sheets  may  be  used  tty*  tedtet 


the  wtews  of  the  deni, red  inputs.  Depending  ion  ttoe^uftowW  :ite!t#fih% 
some  input  sheets  will  mot  be  used  et  ell* 


■I 


III 
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»r  all  problem®  which  involve  the  comparison  of  a  reentry  vehicle 
with  one  or  more  decoys,  at  least  two  "cbm®”  are  required.  A  "ease" 
to  defined  m  the  Input  quantities  appearing  before  a  "transfer  card". 
The  tram  ter  card  (See  Sample  Inputs)  has  a  "I"  in  the  first  column 
to  indicate  that  the  program  Is  to  stop  reading  Input  data  and  start 
calculating.  The  first  of  the  required  cases  accomplishes  tine  process 
of  storing  the  reentry  vehicle  data  for  later  comparison  (1REF  •  1  or  3). 
The  second  case,  with  IRE.F  ■  2,  Involves  the  calculation  of  the  perfor¬ 
mance  of  the  decoys  and  their  comparison  with  the  stored  reentry  vehicle 
lliiata.  <B»  influence  coefficient  calculations  of  the  MffaE  «  2  option 


ne quire  a  third  case  to  define  the  perturbation  effects  and  influence 


(BMffirtUmts.  Single  trajectory  calculations,  drag  calculations,  and 


til&Mie  '(JhMk  aalBUlatione  require  only  one  case.  It  Is  generally 


neoB»BaiK*y  to  traoe  a  path  through  Figure  3  for  each  case  being  submitted.. 


j&  ;S  Special  iimitirtetlams  on  the  Input 


'The  drag  lOhloMlations  in  this  program  were  designed  to  apply  to  the 


Bttlidwiihg  litom^y  parameters  and  flight  condition®:: 


:  t  bJiua 


VW 


I.  Smile  'ihdlf  angle,  «,  de 


4.  to  2? .  I  4  to  to.  degrees 


E.  fehlcle  length.  Inches 


12.  to  168.1  3.  to  160. 


1000.to6000 


0.0  to  0.6 


0.  to  400K 


5*  to  30.. 


T«  H0*  «#C  Jlfcttawk  «t  300K,  d-d  ©.to  20. 
Mm  'Ohm  .ijok,  ideg  1  o.to  0  * 


-90  tO  !0J0 
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The  primary  range  represents  tbe  region  of  most  accurate  oalouletiona,, 
while  the  secondary  range  allows  the  region  where  the  program  will  produce 
results  with  perhaps  degraded  accuracy-  If  the  hluntaMs  ratio  changes 
from  below  0,6  to  above  0-6  during  a  trajectory  calculation  as  the  result 
of  noee  shape  change,  the  calculations  will  be  terminated.  I:f  the  Mach 
number  becomes  leas  than  5-0  the  calculations  will  also  be  terminated,. 

Provisions  are  made  In  the  program  to  bypass  the  trajectory  calcule- 
tiions  temporarily  if  an  optimizer  attempts  to  evaluate  a  decoy  outside  the 
limits  .shown  in  Table  1,»  These  provisions  assume  that  the  starting 
configuration  (See  0VECT,  Altff,  UP,  etc,.])  are  within  the  limits  , shown, 

In  'Table  „1,  The  optimization  processes  may  go  unstable  iff  AMs  iMBtri'Ctloii 
la  mot  AOqpiUfft  'Mlttu 

The  ireetrictisms  m  the  number  off  lamtaftee  in  the  input  tables  !«* 
indicated  in  the  tettulitlon  off  Input  Symbols  and  in  boms  cases  non  the 
input  Sheets „  The  restrictions  on  the  order  of  the  independent  variafeleKs') 
ffoir  the  tables  -are  idififldUlt  to  generalize.  Jn  many  cases  the  Mb:l»rloik<ili» 
subroutines  are  .designed  to  interpolate  the  data  in  either  MmOitfiMr 
ittesoemaing  monotonlc  order;  however,  this  has  met  bean  oonftiWWft  'by 
idhedtatums,,,*  .The  preset  leek  ant  the  tsample  check  nmM»  IJJmsiiinate  the 
conventional  order  ior  imoBt  off  the  tables,,.  The  remaining  itible*,.,  •*•***- 
otherwise  noted  in  the  toittmition  off  Input  Symbols,,  bhimli  he  tintwt  in  the 
lOmfter  that  the  -data  Is  used  in.  the  calaulatiras,  fjndepenienft  mjtf1  uthrtthiftf 
the  independent  variable  i*  Increasing  or  idecreaslng.  KtH,  jpartlottlOily 
that  the  iteffteittons  notf  itMud  Independent  variables  .Har  the  ihiWMfc  te#hbi%. 
'Sfflnaa  or  ttMOT,  mm  liil^ipnoen  from  the  imtiatirnn  uptfuipluiii,,* 
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Than*  definitions  allow  a  given  thrust  profile  to  be  moved  up  or  down 
the  trajectory,  by  inputting  different  initiation  parameters,  without 
taring  to  transform  the  independent  variables  for  each  case.  The  corridor 
altitude# ,  I,  must  start  and  stop  at  the  same  altitudes  as  the  calcula¬ 
tions,  although  the  intermediate  values  do  not  have  to  correspond  to 
the  printout  altitudes.  The  trajectory  Input  entries  in  the  Z3PMST  table 
must  correspond  to  all  the  printout  altitudes. 

Note  that  the  heatshield  material  la  described,  separately  for  the 
trajectory  calculations  and  the  wake  calculations.  There  is  no  internal 
check  on,  the  consistency  of  the  two  sets  of  inputs. 

3*3  Stacked  Case  Groundrules 

A  series  of  cases  in  a  Job  are  said  to  be  "stacked".  The  inputs 
for  «#es  stacked  after  the  first  need  special  consideration.  This 
pirdglta#  HUP  been  designed  to  retain  the  most  current  Input  for  use  at  the 
beginning  of  each  stacked  case  (with  the  exception  of  the  large  table,  Hi). 
*WHl;  'ttarti'  that  tmm  an  Input  quantity  has  been  Input,  It  does  not 
taift  to1  U  Ihpt  again  In  following  eases  If  the  sane'  value  Is  desired. 

*ht  rtpn  talkies  listed  in  the  Definition  of  Input  Symbols  do  not  apply 
to  qitaHtltlei  which  have  been  input  in  previous  cases  of  the  current 
Jcfk*  Otaslderable  coding  effort  has  been  required  to  maintain  this 
JlttWMM  of  stacking  cases.  As  a  general  rule,  the  program  Is  not  allowed 
to  petaliihttly  redefine  the  value  of  any  Input  quantity,  in  caaee  where 
it  '%*  «►%#!*  to  redefine  an  input  quantity,  the  Input  value  Is  stored, 
tip  redefined  temporarily,  and  then  that'  stored  value  is  put  back 

for  use  in  the  Otari  MM,  if  no  new  Input  superaedea.  This  technque 
gut  be  understood  when  Interpreting  "core  limps".  The  RH  matrix  was  Judged 
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too  large  to  save,  thus.  It  Is  an  exception  to  the  above  discussion. 

If  Daviclon  techniques  using  the  input  HH  matrix  are  to  be  stacked,  then 
the  HH  matrix  must  be  input  for  every  case  or  else  the  final  HH  matrix 
from  the  previous  case  will  be  used. 


Trajectories  must  not  be  stacked  after  classic  checkruns  (lC0M(l)  -  1) 
unless  the  values  of  the  A  vector  which  have  been  input  for  the  claanic  cheek 
cases  are  relnput  equal  to  the  values  in  subroutine  ZPRS, 

Note  that  only  the  first  IN  values  of  the  initial  configuration 
table  0VEGT  are  used.  If  IN  is  smaller  In  one  case  than  It  waa  In  the 
previous  case,  care  must  be  taken  to  enter  the  values  of  the  remaining 
design  variables  under  their  own  symbol  names. 

There  are  no  serious  restrictions  on  the  options  which  may  he 
stacked  as  long  as  the  input  is  complete.  The  last  of  a  series  of 
reference  reentry  vehicle  cases  will  be  used  for  comparison  with  *ttt»iOqeuht 
decoys.  In  the  M0NE  -  2  option  where  three  cases  are  required,  the  lent 
of  a  series  of  reference  reentry  vehicles  and  the  last  of  a  aerie*  Of 
basic  decoys  will  be  used  for  comparison  with  the'  perturbation  decoy*. 
However,  It  Is  not  considered  wise  to  run  perturbation.  decoys  immediately 
after  a  reference  reentry  vehicle  without  at  least  one  basic  decoy  in, 
between » 


Within  a  case,  if  a  symbol  Is  entered  more  than  once,  the1  last 
value  entered  will  he  used  in  the  calculation. 
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2,4  Input  Aids 

Th*  definitions  of  the  I0P  Input  matrix  are  contained  In  Table  2. 

The  eight  operations  are  listed  across  the  top  and  the  nine  performance 
parameters  are  listed  down  the  side,  A  value  of  zero  deletes  the  opera¬ 
tion  and  a  value  of  one  executes  the  operation  if  possible.  Kote  that 
numbers  1  to  21  are  preset  to  one  and  the  others  to  zero. 

The  current  list  of  design  variables  and  design  variable  constraints 
la  shown  in  Table  3.  Although  ZTUKN  is  a  design  variable,  it  Is  not 
considered  suitable  for  automatic  optimization  since  It  la  only  tested 
at  printout  altitudes  and  thus  may  not  provide  a  continuous  penalty 
function.  It  can  of  course  be  a  parameter  in  a  parametric  study. 

The  storage  locations  (0CCUR  codes)  for  the  calculated  quantities 
Which  tony  need  to  be  constrained  are  presented  In  Table  4.  Up  to  20 
rtf  'these  code  numbers  may  be  entered  in  the  IDC  constraint  list  to 
bene  (art  rtf  the  penalty  equation. 


wbe  rtf'  probability  of  discrimination  (code  3962)  can  Involve 


numerical  troubles  If  the  value  of  the  probability  of  discrimination  is 
very  near  zero  or  very  near  one.  The  error  function  UBed  to  define 
probability  of  discrimination  (subroutine  EFFECT)  is  coded  to  produce 
roughly  ifi  bilgalfloant  digits*  Whenever  more  digits  are  needed  the 
probability  la  set  to  either  zero  or  one.  This  precludes  my  trend 
information  Iftp  'lie'  by  the  optimizers  and  earn  lead  to  unstable  results. 

t*  provided  whereby  the  "difference  in  the  means, r” 
(cede,  ■'turn  hi  constrained  or  minimized  instead  of'  tUtt  probability 
of  discrimination  and  thus  avoid  the  significant  digits  problem. 

For  searches  in  a  narrow  region  where  the  range  of  values  of  the 
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Imlnatlon  are  known  in  advance,  either'  approach  can 
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Some  of  the  possible  Input  symbols  are  not  used  for  typical  opera¬ 
tional  problems.  Table  5  presents  a  list  of  symbol®  which  *,r«  not 
Included  on  the  Input  sheets. 

The  Euler  angle  s.  -tern  and  the  thrust  orientation  definitions  are 
shown  In  Figures  4  and  5. 
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3.0  DEFINITION  OF  INPUT  SYMBOLS 
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INPUT  SYMBOL 


SYMBOL 

PRESET 

COMMON 

LrKS 

301 

AA(l-3) 

0.,0.,1. 

CPCCUR 

aa(4»6) 

O 

* 

Sa 

o 

CPCCUR 

AA(7-9) 

H 

O 

•s 

• 

o 

CPCCUR 

AA  (10-12) 

o.,o,,i. 

CPCCUR 

AA (13-15) 

Oe 

CPCCUR 

AA (16-18) 

0«  |Q  a  j  1»« 

CPCCUR 

AA (19-21) 

pH 

* 

o 

•v 

m 

o 

CPCCUR 

AA,(22-24) 

0w|0j*|iX* 

CPCCUR 

AA  (25-27) 

0  •  y  0  •  j,  X  • 

CPCCUR 

AC«te(i-ito)  o.o 

CPCCUR 

AC0S 

1.0 

MMPUT 

REMARKS 


Curve -fit  constants  used  primarily  la  the  traijert- 
ory  calculations.  If  ICW(l)  -  1,  the  fin* t  fifj  on 
be  used  in  CLAB8C. 


Coefficients  of  the  altitude  'weighting  function 
for  the  velocity  corridor  Integral, 


Coefficients  of  the  altitude  weighting  function 
for  the  deceleration  corridor  integral. 


Coefficients  of  the  altitude  weighting  function 
for  the  ballistic  coefficient  corridor  function. 


Coefficients  of  the  altitude  weighting  function 
for  the  first  wate  length  corridor  :fuiwtlo«. 


Coefficients  of  the  altitude  weighting  IghdMM 
for  the  second  wake  length  corridor  function. 


Coefficients  of  the  altitude  weighting  funct: 
for  the  third  wake  length  corridor  function. 


i  ii  i:!!hi  IL. '! Li 


Coefficients  of  the 
for  the  first  wake 


Coefficients  of  the  altitude  weighting  i 
for  the  second  wake  RCS  corridor  functic 

Coefficients  of  the  altitude  weighting  1 
for  the  third  wake  RCS  corridor  functior 

Polynomial  coefficients  used  in  MIBC  to 
either  free  apace  jfidaf  froaa  section  oi 
as  functions  o#  hh#*t  design  ikikajbiesc 
puts  any  Oohittiint  'Wtidk  ft:  be  express 
polynomial  function  of  up  to  three  Ifal 
°J<krs  Of  the  polynomial  are  controlled 


IT 

b.  The 


Exponent  for  scale  factor,  (CC0N)ACOH, 
ition  electron  density.  N_..  FLOWF. 
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SIMBOLS 

FBSffiP 

CGMM0H 

A£ 

0.0 

014 

AKW 

50.0 

IMPUT 

AUPfBL 

(1-75) 

0.0 

w 

as 

&s 

Ai^w(i-ao) 

0.0 

Hof 

AWT 

0.0 

122 

AMULT 

(1-00' 

0.0 

KOI 

AlMBF 

0,0 

188 

9(1*41) 

ttw 

80:3 

i' 


0.0 

CK3CUR 

m  1.0 

hmfut 

tttt»(l-40)  o.O 

OTCCOR 

0tiJa)  o.o 

CWCtlR 

9Wtt<i**4o>  o.o 

CMOlfR 

W(lr40)  0.0 

,  „ 

Mil  1  1 1 

QPCOJR 

MARK 


I  time  ter  nozzle  exit  area  for  back  pres  sure 

correction,  ft  , 

Heotsbield  conductivity  for  wake  calculations 
BTU/(ft-  R-hr).  ’ 

Input  angle  of  attack  table  for  use  In  drag 
calculations  if  INAIJPH  1b  greater  than  aero, 
degrees .  ' 


Lower  Units  f0r  independent  (or  design)  variables 
In  Fibonacci  searches. 

Value  of  the  envelope  angle  of  attack  for  switching 
Irom  a  rotational  to  a  particle  trajectory,  degrees. 

Multiplier*  for  each  term  of  the  penalty  equation. 
The  Be  should  be  selected  to  avoid  wry  large  or 
very  small  penalty  terns.  They  may  be  uaed  to 
weight  various  penalty  terms  if  desired.  Ttese 
lumbers  Influence  the  choice  of  ERR  when  IPR^c  1* 


Reference  area  for 
table  WCDTA1,  ft2. 


the  drag  components  In  the 


Curve -fit  coefficients  In  the  trajectory  calcula¬ 
tions  .  These  numbers  are  not  normally  Input: 
however,  It  is  possible  to  do  so  for  research  or 
debugging  purposes. 


lower  corridor  limits  for  ballistic  coefficient 
differences  Ib/ft  , 


Exponent  for  scale  factor,  (CC0N)BC^*, 
decay  rate,  blf  in  FL0WF. 


on  the 


lower  corridor  limits  for  deceleration  differences. 


lower  corridor  limits 
ft/sec. 

lower  corridor  limits 
differences,  meters . 


for  velocity  differences, 
for  the  first  wake  length 


**  ^  “'!0n4 


IH2 
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SJMBOL 

PRESET 

COMMON 

BCWL3(l-to)  0.0 

CPCCUR 

BCWRl(l-tO)  0.0 

CPC  CUR 

BCWE2(l-40)  0.0 

CPC CUR 

bcwr3(i-I4 

o 

a 

o 

CPCCUR 

BBTA11 

0.0 

152 

RRTA12 

0.0 

171 

BJSTA21 

0.0 

153 

BETA22 

0.0 

172 

BETA31 

0.0 

154 

BBTA32 

0.0 

173 

BBTAtl 

0.0 

155 

BTOAta 

0.0 

174 

BETAPL 

(1-160) 

0.0 

CPCCUR 

BTOAK(l-lO) 

MS 

CWAKE 

,i  'I 
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Lover  corridor  limits  for  the  third  wake  length 
differences, meters . 


Lover  corridor,,  limits  for  the  first  wke  B03 

Jf  _ _  ..  <“*  ■>  x.  -  - 


differences,  m  or  db.  depending  on  IDBL. 


lover  corrldor2 limits  for  the  second  wake  RCE 
differences, »  or  db.  depending  on  IDBL. 


lover  corrldor2 limits  for  the  third  wake  BCE 
differences,  m  or  db.  .depending  on  I0BL. 


Sublimation  rate  coefficient  for  initial  heat- 
shield  material  if  MATHS  1  is  6,  ft/sec  *  °Rt 


Sublimation  rate  coefficient  for  taeataMeld 
material  after  ZTUHH  if  MATIH2  la  -  % 


Sublimation  rate  coefficient,  for  initial  he, 
shield  material  if  MATI/il  1®  6,  fi/aec  • 


Sublimation  rate  coefficient  for  hfc*fti|kta|it. 


-r  -r- irr'  ”  — ''' 

after  ZTURM  If  MATIK  le  6#  t%iM® 


Order  of  reaction  for  initial  heatahield  mater: 
if  KATLN1  is  6. 


ii".  -.-t :  i  i  j m |(t 

Order  of  reaction  for  heataMaM  materiel  afitj 
if  MATLN2  is  6. 


Activation  temperature  for  initial  taeatafolW 
material  If  MATIill  is  6,  PR, 


Activation  temperature  for  bemtahteld 
after  2TUHN  if  MATH®  la  6,  °R. 


Tati®  of  ballistic  coefficient  inputs  f*r  rei 
R/V  if  IREF  is  3,  lb/ft2. 


Atmospheric  daneity  eeaie  ;h*l({ht  flab  wate'-^lpti 
tione.  The  first  two  valpea  are  preset  to 
thousands  of  fleet. 
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SMOL 

PRESET 

COMMON 

REMARKS 

FWEJf 

1.0 

DBCBEC 

Scaling  constant  in  RCSEC,  to?0. 

asaiK 

5.88-21 

Biscsec 

Scaling  constant  in  RCSEC,  bQ . 

IE 

4.08-10 

IIRC8BC 

Scaling  constant  in  RCSEC,  bp. 

B3 

2.0 

0RCSEC 

Scaling  constant  in  RCSEC,  b_ . 

821 

1.0 

IIMPTO 

Scaling  constant  In  FlOWP ,  b  . 

cl 

B22 

0.25 

■  IMFUT 

Scaling  constant  In  PI$WF,  b , 

,B£  3 

0.0 

IXMFUT 

Scaling  constant  in  H^WF,  b  . 

82  4 

1 .08-26 

BRCSBC 

Scaling  constant  in  RCSEC,  b^. 

C 

1.0 

115 

Multiplier  on  stagnation  point  heating  in  the  nose 
blunting  calculations  which  can  be  used  to  simulate 
a  decoy  having  a  nose  cap  made  of  a  different  material 
from  the  main  body. 

CAL0W 

(1-20) 

0.0 

MIN 

Lower  bounds  for  constrained  items  In  the  penalty 
equation. 

OAPO 

32.21052 

19 

2 

Graviaticnal  acceleration,  ft/sec  . 

0.0 

128 

Case  number.  Note  that  0,001  will  be  added  inter¬ 
nally  to  the  Input  number  for  each  trajectory  cal¬ 
culated  when  M0DE  Is  2  or  3. 

CO0N 

1.0 

3963 

Scale  factor  for  transition  electron  density  and 
decay  rate  in  the  wake  calculations  in  PL0WF. 

This  scale  factor  may  be  used  as  a  design  variable 
to  roughly  simulate  wake- seeding  concepts. 

CD0WN 

(1-16) 

1.01-5 

3549 

Lower  limits  on  accuracy  of  integrated  quantities 
in  the  equations  of  motion.  If  the  absolute  value 
of  the  quantity  being  integrated  is  less  than  or 

equal  to  l,  the  limits  are  equal  to  the  inputs 
with  the  units  listed  below.  If  the  absolute 
value  is  greater  than  1,  the  limits  are  equal  to 
the  inputs  (non-dimensional)  times  the  absolute 
value  of  the  quantity  being  integrated. 

1  Velocity,  ft/ sec . 

2  Flight  path  angle,  rad, 

3  fine,  sec. 


11-14 


1*  Hinge  (dovnrange\  ft. 

5  Initial  weight  minun  weight  ablated  t  ib. 

6  Nose  radius,  ft. 

T  Bose  radluq  ft. 

8  Euler  angle  in  yaw,  rad. 

9  Euler  angle  in  pitch,  rad. 

10  Euler  angle  in  roll,  rad. 


11  Pitch  rate. 


12  Yew  rate,  rad/eec, 

13  Roll  rate,  rad/ sec . 

14  Side  range,  .ft,  \ 

15  Thrust  direction,  rad*  "( 

16  initial  '«elg»  adnoe  weight 
by  thruster,  lb. 

Table  oi  drug 


greater  than  aejtt. 

Upper  hounds  on  ajCeuwMf  of  integrated 
in  the  equations  of  motion*  00*  CD0WN 
fi cation  of  the  16  itegs . 

input  .pitch  'damping  ooeffiolohi  Ip#  Jjjtti 
configuration  if  IKCMJ  is  1* 


Input  pitch  damping  coefficient 
after  ZTURH  if  IKCMQ  is  Ik 


Transition  electron  density  when  non-linear  pro¬ 
duction  terms  ere  considered  in  the  turbulent 
wake ,  The  item  should  be  left  at  0.0  in  this  model. 


'General  constants  used  In  the  wake  calculations . 

The  'quantities  currently  being  utilized  .are 
preset  in  the  preset  deck. 

Specific  heat  of  gas  for  Initial  heatshield  material 
if  MATUTl  is  6 #  BTO/MjR. 

Specific  heat  of  gas  for  heats  hie  Id  material  after 
ZTURH  If  MATI2J2  is  6,  BW/lb  R. 

Specific  heat  of  solid  for  initial  tieatshleM.  material 
if  MATUTl  is  6,  BTU/lb°R. 

Specific  heat  of  solid  for  heatshtgld  'material 
after  ZTOHN  if  MATLK2  Is  6.,  Bttj/lM'Ut 

Heatshield  specific  hgat  used'  In  the  wake 
calculations ,  BTU/lb  H. 

Upper  bounds  for  constrained  items  in  the  'penalty 
equation. 

Date,  for  example:  814.68  'means  August  'll,  1968. 

Ifeat  of  decomposition  for  initial  heatshieM 
material  if  MATUTl  is  6,  fflU/lb. 

Heat  Of  decomposition  for  heatshield  'material 
'after  ZTUHR  if  MATIHS  Is  6,  BWl/lb. 

Maximum  integration  interval  (altitude )  for  the 
initial  integrations  of  the  equations  of  'motion »ft. 

Difference  between  the  'virgin  .ant  char  density  of 
the  initial  heatshield  material  if  MATIW  is  6f 
lb/ft3. 

Difference  between  the  virgin  and  char  tensity  of  the 
heatshield  material  .after  ZTUIOT  if  MATIHS  :1s  6, 
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SYMBOL 

PRESET 

COMMON 

EM0T8L 

(1-12) 

p;reset 

TBLSJL2 

nUBL 

(25,9) 

PRESET 

TBLS12 

UF01L1 

0,0 

167 

’BlfewSrfT'O 

JfliJr  mJhJuns 

0,0 

186 

SUMPS 

(1-10) 

PRESET 

TBLS12 

HfWSL 

(S,10) 

PRESET 

TBLS12 

EHNUTS 

PRESET 

TBLB12 

tpOTJ 

Jhnfl 

■0,01 

J^PT 

iliii i ' 

<32,11) 

fM  1 


PRESET 

1+0 


flit 

wit 


. Ill 


!  iliii!!'!' 


1.3T5E 


uspt 

MAIffiRj 

CWAKE 

CWAKE 

WAKE 


_ _ REMARKS _ _ _ 

Cone  Mach  number,  Independent  variable  for  wake 
Mach  number  table,  ETABL. 

Table  of  electron  density  as  a  function  of  normal¬ 
ized  enthalpy,  HSTABL,  and  air  density,  RSTABL. 

Coefficient  of  emission  for  initial  heats Me Id 
material  if  MATIiJl  is  6. 

Coefficient  of  emission  for  heatsMeld  material 
after  ZTUKN  if  MATLN2  is  6. 

Air  density,  independent  variable  for  normal  shock 
electron  density,  EHNTBL,  lb/ft 

Normal  shock  electron  densityas  function  of  density, 
ERSHTB,  and  velocity,  EKHJTB,  e/cc. 

Velocity,  lndependant  variable  for  normal  shock 
electron  density  table,  EHNTBL,  thousands  of  feet 
per  second, 

If  IPR0C  *  3  (Davidon) ,  Kitfl  is  the  stopping  tolerance 
on  the1  transformed  gradient;  if  IFR0C  *  1  or  5  and 
LEMlf  -  0,  the  accuracy  requirement  for  the  Fibonacci 
•search  In  the  physical  units  of  the  independent 
variables* 

Mach  number  as  a  function  of  cone  Mach  number,  WOTBL 
and  cone  angle  THTT8L. 

If  non-zero,  multiplier  Of  the  Identity  matrix  to 
establish  the'  initial  H  matrix  in  the  Davidon  Method 
for  each,  sequential  solution  -  finding  operation}  if 
zero,  the  input  3H  matrix  will  be  used  Instead. 

Multiplier  on  the  maximum  step  size  limit,  f/gs,  In 
the  Davidon  method. 

lirst  radar  frequency  for  wake  calculations,  ops. 
Second  radar  frequency  for  wake  calculations,  cps. 
Third  radar  frequency  for  wake  calculations,  cps, 
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SYMBOL 

PRESET 

COMMON 

FI 

0.0 

157 

F2 

0.0 

176 

G 

32.174 

27 

GAMFO 

0,0 

105 

GAMMA 

1.4 

28 

H  (in  col¬ 
umn  l) 

- 

- 

H(l-40) 

0.0 

CPCCUR 

HH(40,40) 

a* 

BLKJZi 

HRBF1 

0.0 

156 

HHEE2 

0.0 

175 

HSTABL 

PRESET 

TBLS12 

remarks 


Heat  of  ablation  for  the  initial  hestabield  material!' 
if  MATLW1  is  6,  BOT/lb. 


Heat  of  ablation  for  the  heatsbleld  material  after 
ZTURN  if  MATLM2  U  6,  BTU/lb . 


Conversion  factor,  Ib/slug, 


Initial  flight  path  angle  (Mote  that  thin  fuaublty' 
must  be  input  as  a  negative  number  to  obtain  mean*1 
lngful  results),  degrees. 


Ratio  of  specific  heats  for  air. 


Heading  information,  can  be  in  any  format  whin!  can 
be  keypunched. 


Altitudes  for  the  corridor  table#  and  radar  measure¬ 
ment  errors,  BCV,  TCV,  etc.  ahd,  Sf*  atJ^/elpi ,,  !!l'|i;!H:jjj|ji! 

The  initial  value  in  this  table  should  PP 

20  and  the  KCPth  value  BbOUld  b#i  b!|ual4d  P*|';:|p 
The  other  (HOP -2)  values  must  'he  monotOtlliO'tSul^P1 
not  have  to  correspond  in  day  aajr  '#lp  '#»'  ■  prlpt#|l 
altitudes . 


Upper  night  triangular  fhfWi  pt  tit  wmif  I 
of  the  Davldon  B  matrix  If  jjnCl! :  jPiMi 

thla  input  la  modified  >y  wp  Uavidon  npcegs 
that  the  IhPft  teluaa  gpi  bdt 
that  the  modified,  matrik  la  d«|j!§d  % 

sequential  aOluttan*fl«dl«gi  bjpepti#  or  to  t 
case  if  FAC  is  aero.  OmJ-y  the  'fiptw 
coluonB  are  used. 


Combustion,  ablation  eeuatani  fdr1  Initlall  'hilt 
material  if  MATIBl  is  6*, 
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WOOL 

PRESET 

COMMON 

REMARK! 

WAI  (1-75) 

0.0 

3233 

Altitude  table,  independent  variable  for  either  drag 
coefficients,  COTAB,  or  angles  of  attack,, ALPTAB, 
depending  on  MAXCD  and  HAM. 

lATfUSS 

0 

U0COIR 

Input  atmosphere  option  code  and  Indicator  for  the 
number  of  entries  In  the  altitude  table,  TBATMZ. 

If  lATMjfe  is  aero,  the  1962  standard  atmosphere 

sill  be  used. 

IplJM'(l) 

0 

IXC0M 

Option  controlling  the  use  of  the  full  trajectory 

calculation  (0)  or  the  use  of  the  classic  check 
case  subroutine  (l). 

zoohi(a) 

0 

IXO0M 

Not  currently  used. 

1001(3) 

0 

XXC0M 

Input  code  used  in  REDUCE  to  distinguish  between  the 
cases  where  en  input  quantity  is  being  optimized  (0) 
and  an  output  quantity  Is  being  optimized  (l).  For 
example,  if  weight  is  to  be  minimized,  1C0M  (3)  should 

be  Input  equal  to  zero;  but  if  probability  of  dis¬ 
crimination  is  to  be  minimized,  then  IC0M(3)  should 
be  Input  equal  to  one. 

1 

DCC0M 

One  more  than  the  order  of  the  first  variable  In  the 
polynomial  in  MIBC.  If  the  polynomial  is  to  be 

i!'4i 

g,uadyatlo^ln  tbs  first  variable,  then  input  IC0M(b) 

WMkCs) 

1 

IXC0M 

One  more  than  the  order  of  the  second  variable  in 
the  polynomial  in  MIBC. 

W(i(6) 

1't  ' 

1 

IXC0M 

One  more  than  the  order  of  the  third  variable'  In  the 

polynomial  in  MIBC.  Note  that  there  are  IC0M(4)* 
IC0M{5)*  IC0M(6)  coefficients  (AC0E)  required  for 
the  polynomial. 

IO0M(T) 

136 

IXC0M 

0CCU!  subscript  identifying  the  first  variable  in 
the  polynomial  in  MI3C. 

KtlKt) 

135 

IXC0M 

0CCUR  subscript  identifying  the  second  variable  in 
the  polynomial  in  MI  SC. 

1001(9) 

13* 

IXC0M 

0CCUR  subscript  Identifying  the  third  variable  in 
the  polynomial  in  MIBC. 

icrtt(io) 

0 

IXC0M 

Input  option  control  for  normal  definition  of 

ballistic  coefficient,  W/CpA,  (0);  oar  for  the 
definition  of  an  apparent  ballistic  coefficient 
Including  thrust,  W/(CpA  -  */<|,  (1),  or  for  the 
reciprocal  of  the  apparent  haULstie  coef.fioient,  (2). 
these  are  experimental  options  and  should  only  be 
used  cautiouBly. 
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SYMBOL 


PRESET 


COMMON 


IC0M  0 

(11-200) 


IDBL 


I DC (1-20 )  0 


I  DC  0 

(21-50) 


11*10(1-20)  0 


IDN0  0 

(21-50) 


iex  a 

iom(i-ao)  o 


IQDL(l-aO)  o 


IKCMQ 


IN 


IXC0M 

CICCUR 


IDN0S 


IDN0S 

IDN0S 

IBN0S 


I0PT 

IGIHL 


IGIHL 


N0CCUR 


I0FT 


. . M  UM  lllHHMI1IHItlH#tMiwni)M«IIHIMIIi  UKHWMtMWIliriil  IHHmMlWI 


REMARKS 


Not  currently  used. 


Input  code  controlling  the  units  of  the  wake  radar 
cross  section  for  output;  If  3,  RCS  In  decibels;  If 
4,  RCS  in  square  meters.  Note  that  the  corridors  and 
standard  deviation  inputs  must  be  in  compatible  units J 


however,  the  inputs  SIGNL1,  2,  and  3  are  always 


in  square  meters , 


0CCUR  subscripts  identifying  the  terms  desired  in 
the  penalty  equation.  The  first  entry,  IDC(l),  must 
be  the  quantity  to  be  optimized  if  LKED  is  greater 
than  zero.  See  Table  4. 


Not  currently  used. 


0CCUR  subscripts  identifying  the  independent  or 
design  variables  for  the  search,  Sea  Table  3. 


Not  currently  used. 


The  exponent  of  the  terms  in  the  penalty  equation* 


0CCUR  subscripts  defining  the  first  thrift  in 
general  differences  in  Subroutine  MISC.  A  zero 
this  table  will  terminate  the  general  dlffefhftO* 
calculations . 


0CCUR  subscripts  defining  the  second  ferw#  In  the 
general  differences  in  subroutine  MHS0,  A  'SAW  la 
this  table  will  terminate  the  general  difference 
calculations . 


Option  code  for  pitch  damping  derivative,  use 
calculated  derivative  if  0  and  input  value  ;f|i  greater 
than  0.  This  code  applies  both  before  end,  after 
ZTUHN. 


The  number  of  design  variables  to  be  used.  This 
should  be  l  for  U>R0C  *  1  and  2,  for  IPR0C  -  5. 

It  is  equal  to  the  number  of  ehtxijLbg  ife,  f«S  IOT0  and 
0VECT  tables.  There  must  be  at  leadt  one  entry  for 
all  problems  where  M0DE  >*  3  and  Jjro  *  J|, 
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S'MBOL 


PRESET 


COMMON 


IMLPE 


N0CCUE 


IJID 


0 


CWAKE 


HIDE 


DRCSEC 


I0P(l*9O)  See 

below 


CICCUR 


i«Sf(lr21)  1 


I0P 

(22-63)  0 


CICCUR 

CICCUR 


CICCUR 


CICCUR 


10p(TT«02)  0 


CICCUR 


I#  (83-90)  0 
UK? 


CICCUR 

I0PT 


MARKS 


Option  code  for  an  Input  angle  of  attack  for  use 
with  a  particle  trajectory  (L0FT  «  1).  If  IHALPH 
Is  0  and  L0PT  «  1,  aero  angle  of  attack  will  be 
used.  If  the  Input  angle  of  attack  Is  desired, 
IHALPH  must  equal  the  number  of  entries  In  the 
AIPTAB  table.  Note  that  If  INALPH  Is  greater  than 
zero  and  L0FT*  0  or  2,  then  the  A LPT A R  inputs  over¬ 
ride  and  the  rotational  calculations  are  not 
performed.  Note  that  MAXCD  and  INALPH  must  not  both 
be  greater  than  zero. 


Printout  option  control  for  wake  flowfiald  calcula¬ 
tions  :  0,  no  printout}  1,  printout  at  every  altitude 
point  where  wake  calculations  are  performed. 


Printout  option  control  for  wake  radar  cross  section 
calculations;  Q,no  printout |  1, printout  at  every 
altitude  point  where  wake  radar  cross  section 
calculations  are  performed. 


Option  control  matrix  for  various  operations  for  the 
nine  performance  functions.  The  definitions  are 
summarized  in  Table  2. 


Controls  for  trajectory  performance  functions. 


Controls  for  wake  performance  functions.  Same  of 
these  must  he  set  to  1  if  wake  calculations  are 
desired  for  the  reference  reentry  vehicle.  At 
least  one  must  be  turned  on  for  each  of  the  six 
performance  parameters  to  be  evaluated. 


These  quantities  are  used  internally, 
has  any  influence. 


No  Input 


Plotter  option  control  which  must  be  1  at  Avco  and 
0  at  Aerospace  (See  subroutine  AVPUT  for  details). 


Controls  for  wake  plots  of  the  wake  parameter  (not 
the  difference)  versus  altitude. 


Rot  used. 


Input  option  for  future  use  in  REV.  Not  currently 
used. 


Optimizer  selection  code; 

1  One-variable  Fiboraccl  search 

2  (One  decoy  evaluation) 

3  Bavidon  Variable  Metric  Method  for  Minimization 
11*22 


IRAKD 

0 

I0PT 

IREF 

1 

CICCTJR 

ISEN1 

0 

SENSE 

ISEN2 

0 

SENSE 

ISP 

1 .0 

222 

ITAPE 

0 

N0CCUR 

ITHRST 

0 

N0CCDR 

I  WAKE 

2 

CWAKE 

IWPRiT 

0 

CWAKE 

K 

0 

MUSK 

LAMQA1 

0.0 

137 

LAMDA2 

0.0 

Ih3 

LAI 

0.0 

138 

LA2 

0.0 

144 

LIMIT 

30 

I0PT 

4  Rosenbrock  Rotating  Coordinate  Method 
3  Two-variable  Fibonacci  search 


Davidon  input  for  number  of  random  start!**  point* 
to  be  automatically  used.  This  input  shahid  be 
left  at  0  since  the  random  number  subroutine  1$ 
not  implimented  and  because  the  use  of  this  option 
would  conflict  with  the  optimization  technique  if 
LRED  is  greater  than  zero. 


Trajectory  processing  option  code;  1, calculate  R/v 
trajectory  or  other  miscellaneous  calculation*; 

2,  calculate  and  compare  decoy  trajectories  or'  tt#t 
classic  check  case  functions;  3,  Input  set  of  R/V 
data  for  comparison  with  decoy  data. 


Davidon  printout  control. 

Davidson  printout  control  for  future  use. 
Specific  impulse  of  the  thruster 


Option  for  a  tape  output  for  velocity,  bal 
coefficient,  and  altitude  for  use  as  input 
other  Avco  programs;  0,  no  tape  output;  1, 
tape  output. 


Number  of'  entries  in  the  thMfcflh 
Maximum  value  Is  $5. 


THTHO. 


Number  of  entries  in  the  wake-altitude  table,  WKALT 
Maximum  value  is  10. 


Printout  option  In  WAKE  subroutine^,  no 
1, printout  at  each  altitude.. 


Not  currently  used. 

Bluntness  ratio  (%/rb)  for  initial  confi* 


Bluntness  ratio  for  configuration  after  ZTO 
Axial  length  for  initial  configuration,  in. 

Counter  limit  for  the  various  optimizers: 

A.  IPRjfc  -  1. 

a.  LIMIT  fl 


UMT 1 

pjrl 

and  t 

IMM 

ah 

11-23  the  number 
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STOOL  PRESET 


CCWWM 


iOBHAKKS 


L0PT  1 


LFL0T  1 


USED  0 

MATUI1  1 


MATLR2  1 


B,  IPR0C  *  2.  This  Input  lu  not  used, 

0.  IPR0C  *  3*  LIMIT  Is  the  maximum  number  of 
Iterations  for  the  Davldon  method.  An  Iteration 
Is  the  total  process  of  selecting  a  direction, 
bracketing  the  minimum  In  that  direction,  and 

locating  that  minimum. 

D,  IFR0C  «  4.  Maximum  number  of  successful  steps 
allowed  along  any  one  coordinate. 

s.  ipajfc  ■  5 

a.  IIHT  greater  than  zero.  The  number  of  times 
Lne  function  will  be  calculated  is  (LIMIT)5  +1. 

b,  LIMIT  equal  to  zero.  This  input  has  no  effect 
and  the  accuracy  requirement, ERR, will  control 
the  number  of  calculations  of  the  function 
for  each  variable. 

N0CCUR  Trajectory  option  cole;  0,  rotational  trajectory; 

1,  particle  trajectory;  2,  simplified  angle  of 
angle  attack  trajectory;  3,  input  flight  conditions 
for  drag  calculation;  4,  input  wind  tunnel  conditions 
for  drag  calculation®. 

CICCUR  Humber  of  entries  in  the  table  ZPL0T  of  r/v  input 
data.  This  number  must  agree  with  the  number  of 
altitude  points  produced  In  the  decoy  calculations 
by  ZPR1,  ZBAR,  ZPR2,  ZST,  and  T3T.  Maximum  value 
is  160. 

0WL  Maximum  number  of  times  that  the  factor  WRP  can  be 

applied  in  the  optimization  process. 

N0COTR  Code  for  initial  heatshield  material; 

1  Teflon 

2  Iff* 

3  OTWR 

4  Phenolic  Hylon 

5  Carbon  Phenolio 

6  Use  input  material  properties 

N0CCUR  Code  for  heatshield  material  after  ZTUTO.  See 
MATIW1  list  above  for  definitions. 


MAXCD 

0 

N0CC11R 

Cole  for  drag  options  in  the  trajectory  calculation ; 
0>  calculate  the  drag  and, do  not  use  the  drag 

Input  in  COTAB,  greater  than  zero //not  calculate 
the  drag  but  use  the  drag  Input  in  COTAB  plus  perhaps 
the  dreg  in  WCOTAB  depending  on  MA30WCD.  If  MAXCD 
is  greeter  than  zero,  it  must  be  equal  to  the 
number  of  entries  in  COTAB.  Maximum  value  is  75. 

an<*  2MLFH  must  not  both  be  greater 

MAXVAL 

0 

N0CCTJR 

Number  of  entries  in  the  TRAJT  table  if  L0OT  Is  3 
or  the  number  of  entries  In  the  WZ  table  if  I|SH‘ 
is  A.  Maximum  value  is  75. 

MAXWCD 

0 

N0CCUR 

Number  of  entries  in  the  table  for  added,  drag 
coefficient  values,  WCOTAB.  If  zero,  no  drag  will 
be  added.  Maximum  value  is  75. 

MEM0 

0.0 

129 

Memo  number  which  can  be  used  to  Identify  the  job, 
example;  1032.4. 

MHEAT 

0 

N0CCUR 

Heating  and  mass  loss  code: 

0,  Aerodynamic  heating  only  (if  M0PT  «  1) 

1,  Heating  and  mass  loss  (if  M0FI  «  1) 

M0DE 

3 

CICCUR 

Fundamental  option  code  which  allow*  direct  access 

to  certain  subroutines  to  simulate  existing  Avco 
programs . 


1  Single  trajectory  calculations,  or  drag  calculations 
without  trajectories  (simulates  Avco  program  2269) 

2  Comparisons  of  r/v  and  decoy  performance  and 
influence  coefficients. 


3  Maximum  capability  with  optimization  searches. 

M0PT 

0 

N0CCUR 

Heating  and  mass  loss  code: 

0  No  heating  or  mass  loss 

1  Test  MHEAT 

MW 

28.9 

117 

Molecular  weight  of  air,  gram/mole. 

MXTAB1 

1 

N0CCUR 

Number  of  entries  in  mass  properties  table,  TABZ1. 
Maximum  value  is  50. 

MXTAB2 

1 

N0CCUR 

Number  of  entries  in  mass  properties  table,  TABZ2 . 
Maximum  value  1b  50. 

aotBQL 


PRESET 
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COMMON 


REMARKS 


EMIT 

0 

SAW 

Code  for  alternate  step  sice  logic  in  Davldon 
method  {subroutine  READY); 

0  Select  a  new  direction  after  an  undershoot 
(normal) 

1  Double  the  step  el  sue  and  continue  in  the  same 
direction  after  an  undershoot  (alternate). 

NC0MDV 

(1-50) 

133 

CICOJR 

0CCITS  subscripts  identifying  the  design  variables 
to  be  perturbed  during  the  influence  coefficient 
calculations  of  M0DE  *  2  option.  The  same  sub¬ 
scripts  may  be  entered  more  than  once  If  desired. 

IC0NS 

1 

I0PT 

Number  of  entries  in  the  constraint  table,  IDC.  This 
is  also  the  number  of  terms  in  the  penalty  equation. 
Maximum  value  of  20. 

IOP 

1 

CICCU1 

Number  of  entries  in  each  of  the  altitude,  H, 
corridor  and  standard  deviation  tables.  Maximum 
value  of  1*0. 

111001 

l 

CICCUR 

Code  controlling  the  perturbations  for  Influence 
coefficients  of  the  M0DE  »  2  options ,  HDEC0Y  'must 
be  equal  to  1  for  all  other  options. 

1  R/V  or  one  basic  decoy 

2  One  perturbation  of  each  design  variable 

3  Two  perturbation  of  each  design  variable 

'IJW01 

1 

CICCUR 

Number  of  entries  in  the  design  variable  table, 
NC0MBV.  Maximum  value  of  50. 

NOE0M 

1 

N0CCUR 

Geometry  input  code  indicating  which  parameters 

are  being  input. 

1  Nose  radius ,  base  radius,  and  cone  angle 

2  Base  radius,  cone  angle,  and  bluntnees  ratio 

3  Nose  radius,  base  radius,  and  length 

Note  that  this  code  applies  to  both  the  initial 
configuration  and  to  the  configuration  after  ZTURN. 
This  input  uiust  be  compatible  with  the  design 
variables  listed  in  IEN0  If  M0DE  Is  3  or  those 
Hated  In  NC0MDV  if  M0DE  Is  2,  IHEF  is  2,  and 
NBEG0Y  is  2  or  3* 

NOLI  0.0  lM  Laminar  transpiration  factor  of  gas  for  the  initial 

heat  shield  material  If  MATHJ1  is  6, 


9  !||IIIIWIM|||mim 


MM  H*t ■,WiHM  #,a, 


SYMBOL  PRESET 

NGL2  0.0 


I0T2  0,0 

H0SE0P  0 


KPL0T(l-5)  - 
NPI^T(l)  0 


MPL0T{2)  o 


II 


COMMON 


183 

16^ 

lB4 

N0CCUR 


CICCUR 


H0CCUR 


N0COTR 


KOMRKS 


Laminar  transpiration  factor  of  gae  for  the  heat- 
shield  material  after  ZTUKN  if  MATIJ4P  is  6. 


Turbulent  transpiration  factor  of  the  gas  for  the 
initial  heat6hield  material  if  MATCIil  is  6. 


Turbulent  transpiration  factor  of  the  gas  for  the 
heatshleld  material  after  ZTURI  if  MATUE  Is  6, 


bSr^SiSf6  °ption  for  nosebl>“t:inB  ,and  tenutmg 
0  no  shape  change 

1  shape  change  (if  M0FT  and  MEEAT  are  1) 


Mumber  of  entries  in  the  altitude  counter  table, 
wrv,  ror  plots  of  performance  variables  verms  depi.* 
variables  at  fixed  altitudes  for  M0DE  *  2  option. 
Maximum  value  of  loQ. 


Plotter  codes.  These  are  overridden  during  fiw 

subroutlne  :S1*  to  rtduet  the 

number  of  plots  produced. 


Code  for  drag  coefficient  plots j 
0  Bo  plots 

1  “Btotal”’  2 
Cj)p  +  Cjjg  VB.  M 

%  z 


C  vs.  Z 

Code  for  trajectory  plot*: 


0  no  plots 
1  BETA  vs ,  Z 


V  VB.  t 

M  vs  .  t 

tyg  vs.  t 

Z  vs  .  t 

.1  L 

^dyn  v®t*  t 

'i  1  ,  ■ '  •  ,  1  j  j  1  I 

;  .it  ,'n,  ; "  .  |  , 

1  .!  .  •  '  i ililj  •  '■  1 1 !  ,ii i' I1'  'i 
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SXMBOL  PRESET 


COMMON 


REMARKS 


HPI4fe(3)  0 


M0CCUR 


0 


N0CCUR 

N0CCUR 


iktottf 

i 

M0CCUR 

iPt(,lrl60) 

i 

CICCUR 

HSU 

0.0 

.162 

HSL2 

r  •  T!1  i  •  1- 

n  i ;  r  t  •  i, 

0.0 

U8i 

ijfj  i?#i! 

vam 

loo 

DRCSEC 

Code  for  pressure  and  heating  plots: 
0  no  plots 

1  Wtotal^WinJLtlal  vs*  z 
Pg  vs.  t 

Hg/RT0  vs,  t 

^tag  VB* 

4g  VS.  t 

Wo”-* 


for  A  0 1 


4y  VB.  t 


Code  for  envelope  angle  of  attack  versus  time 
plots:  0,no  plots;  l,plot. 

Code  for  a  generalized  plot  which  allows  any 
quantity  |;n  the  0CCUR  array  to  be  stored  at 
each  printout  altitude  and  plotted  verses  time. 

Hot®  that  'the  use  of  this  option  requires  some 
understanding  of  the  arrangement  and  unite  of  the 
data  during  the  execution  of  the  trajectory- 
calculations.  An  input  of  0  indicates  no  plot  and 
an  Input  of  the  appropriate  0CCUR  subscript  Indicates 
that  a  plot  should  be  made  . 

Printout  control  for  detailed  trajectory  data. 

0  Ho  detailed  trajectory  printout  except  for 
solutions  and  final  decoys. 

1  Detailed  trajectory  printout  for  every  trajectory 

Index  of  altitudes  for  plots  of  performance  variables 
versus  design  variables  In  M0BE  *  a  option.  This 
Index  is  a  list  of  numbers  Identifying  the  altitudes 
at  which  plots  are  desired.  The  .altitudes  are 
numbered  according  to  the  order  in  which  they  are 
printed  out.  The  initial  altitude  (Z  )  Is  1,  the 
next  printout  altitude  (ZQ  *  ZFR)  is  3,  etc. 

laminar  transpiration  factor  of  solid  for  initial 
heatshleld  material  If  MATHil  Is  6. 

Laminar  transpiration  factor  of  solid  for  heatshleld 
»ate rial  after  MJHf  If  MAT*  is  6, 

Matfonm  number  of  rough  Siting  steps  allowed  In  the 
wake  length  oaleulationa . 


1ST! 

0,C 

163 

Turbulent  traaspirmtinn  factor  of  solid  for  .iiipjttf  1fl, 
heatehield  material  if  MM'IJfl.  1$  6. 

K3TF. 

0.0 

lSa 

Turbulent  transpirat&am  factor  of  solid  for  heat’*1 
shield  material  after  OTffll  if  MKTHCE  in  6 

NTHRUST 

0 

H0COUR 

Thrusting  option  code: 

ffcCUR 

(1-4000) 

(jSwct 

(1-20) 


PRAHD  0,0 

PHIHBT  0-0 

P8I0  0.0 


CPCCTJR 


0.0 

139 

6*  ,6, 

QUAKE 

'(S  • ,  ^ . 

CWAKE 

6.  ,6. 

QUAKE 

0.0 

liter 

0-0 

22,3 

0.0 

11% 

0.0 

109 

0.0 

'1  TIP. 

0  no  thrust 

1  thrust  as  p.  function  of  delta  altitude 
?.  thrust  as  a  function  of  Anita  tin® 

Input  symbol  allowing  Input  directly  to  the  '(fool* 
array  for  research  or  debugging  purpose*. 

Starting  values  of  the  design  variable* 
equal  to  2,3,  or  4,  this  define#  the  fleas  eot-' 
figuration,  for  the  anarch  proaes'ses.  Mote  that 
Fibonacci  searches  do  not  «#e  thin  ijtah.  TMts 
»st  be  compatible  with  tt»  normal  IrtpS  units. 

'  4;;  '  ,  ffM 

Probability  of  false  dismissal  of  iw  reentry  whii^ 
as  a  decoy.  Also  called  oL  or  f  |»  t 


Initial  value  of  roll  Euler  angle,  degrees. 

(Bee  figure  4.) 

look  angle  for  radar  of  the  first  frequency,  degrees 

look  angle  for  radar  of  the  second  ''dt||jfcbpl 

Look  angle  for  radar  iff  the  third  degrees 

Random  step  size  control  for  Ltwrtdon  technique .  *h«  < 
loput  la  not  used  as  Jong  as  WBMtb  U  d+ 

First  thrust  offset  antfa  (it  i.f  plane,,  positive 
for  rigs*  hand  rotation),,  degrees  (see  flptrh . ; j) 

Initial  value  of  .yaw  3i3j#r  'ingle,  degrees*  (see 


Initial  angular  .rate  it  p»<%  md/ta* 
Gas  constant  for  air, 

Initial  base  radius  for  m  l4iHal  optf 


illinium  ilium  iiiiiiniiiiii 


illllllilimift  m>  mm., 


I 


Ml 


tf  1  ,  Hi!!1!  i 


am _ 

PHBBET 

COMMON 

REMARKS 

:rk 

0.0 

lJ+2 

Initial  base  radius  for  the  configuration  after 

ZTURN,  Inches. 

2 .090229ET 

63 

Radius  of  the  earth,  feet. 

Rttffel 

0.0 

158 

Char  density  for  the  Initial  heatahleld  material 
if  MAT INI  is  6,  lb/ft3. 

Wt22 

0.0 

ITT 

Char  density  for  the  heatahleld  material  after 

ZTURN  if  MATLN2  Is  6,  lb/ft3. 

HHfiSSL 

o.oQote 

NIMFUT 

Sea  level  density  for  exponential  atmosphere 
approximations  in  the  wake  calculations,  lb/ft3. 

115.0 

NIMPOT 

Heatahleld  density  for  wake  calculations, 
lb/ft3. 

MI 

0,0 

135 

Initial  nose  radius  for  the  initial  configuration, 
inches. 

ME 

0,0 

141 

Initial  nose  radius  for  the  configuration  immediately 
after  ZTURN,  inches. 

rstabl(i^9)  fwset 

THUS  12 

Normalized  density,  independent  variable  for  electron 
density  table,  ENTAIL. 

ernn 

SiTW 

WMPOT 

Reference  enthalpy  for  wake  calculations,  ft2 /sec2. 

0.0 

awetw 

Standard  deviation  of  radar  error*'  for  ballistic 
coefficient,  lb/ft2.  This  table  of  HOT  values 
corresponds  to  the  altitude  table  I. 

iilMo) 

0.0 

CSPOCUR 

Standard  deviation  of  radar  error*  for  deceleration, 
g's.  This  table  of  NCI*  value®  correspond*'  to  the 
altitude  Table  H. 

SIG 

3.5 

116 

Collision  cross  section  for  air,  angstrom*' » 

SIGNL1 

1.01-6 

CWAKE 

Nolae  level  for  wake  length  definition  at  first 
frequency,!!2. 

BIGNL2 

1.0E-6 

CWAKE 

Noise  level  for  wake  length  definition  at  eeoond 
frequency,  aF. 

SXQHL3 

l.OE-6 

CWAKE 

Noise  level  for  wake  length  definition  at  third 
frequency,  m2. 

SMRO 

Initial  angular  rate  In  roll,  rad/sec. 

3CJLtr(l-25)  1.0 

MOLT 

Multipliers  Of  special  pehaity  terms  in  subroutine 
SCREEN  for  rawer  di  and  debugging  purposes. 
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3RS(1J  40.0 


CPCCUK  Number  of  smoothed  radar  measurements  of  valo#fcyi' 


3RS(2)  40.0 

3RS(3)  40.0 


5RS(4)  40.0 


3RS(5)  40.0 


SRS(6)  40.0 


SRS(T)  40.0 


3HS(8)  40.0 


SEB(9)  40.0 


SV(l-40)  0.0 


BWllClfilO)  0.0 


SWL2(1-4o)  0.0 


8WL3(l-40)  0.0 


SWR1(1-4o)  0.0 


SWR2(1-4o)  0.0 


SWR3(l-40)  0.0 


CPCCUR  Number  of  smoothed  radar  measurements  of  deptltmfclo 


CPCCUR 


CPCCUR 


CPCCUR 


CPCCUR 


CPCCUR 


CPCCUR 


CPCCUR 


CPCCUR 


CPCCUR 


Number  of  smoothed  radar  measurements  of  belMltfip- 
coefficient. 

Number  of  smoothed  radar  measurements  of  vote 
length  at  1st  frequency.  - 

Number  of  smoothed  radar  measurements  of  vake  lengt 
at  2nd  frequency. 


Number  of  smoothed  radar  measurement?  of  wake 
at  3rd  frequency. 


Number  of  smoothed  radar  measurements  of  wake  IC| 
at  1st  frequency. 

Number  of  smoothed  radar  measurements  of  wait*  ROSJ 
at  2nd  frequency. 


Number  of  smoothed  radar  measurements  of 
at  3rd  frequency. 

Standard  deviation  of  radar  far  velocH 

ft/eec.  This  table  of  BCSfe  value#  d#itt#0|inds 

the  altitude  table  H. 

■ 

Standard  deviation  of  radar  errors  for  wake  le 
at  the  first  frequency,  m.  (See  H,  NCP). 

1  ■  if'  1  jj>  '|!li|i!l!||  lljif  i| 

CPCCUR  Standard  deviation,  of  radar  wake  le 

at  the  second  frequency,  m.  (See  H,  NCP) 

1  yjji'ijlJ)  '  '■  .....  ! 

Standard  deviation  of  radar  errors  for  wake  le 
at  the  third  frequency,  m.  (See  H,  NCP) . 

■  .  il.!  ■.,:■■■  . ■■  idilli  1 

Standard  deviation  of  radar  errors  for  wake  RC 

at  the  first  frequency,  units  depend  on  IDBL. 
B,  BOP). 

Standard  deviation  of  radar  errors  for  wake  RC 
at  the  second  frequency,  unite  depend  on  IDBL. 


!<ira 


CPCCUR 


CPCCUR 


CPCCUR  Standard  deviation  of 


CPCC&R 


f 


ffilU 


IS  I 


. . . 


. mill '  mi . MUM . . . . . . . 


SYMBOL 

PRESET 

COMMON 

TABIXI 

(1-50) 

1.0, 0.0 

3033 

TABIX2 

(1-50) 

1.0, 0.0 

3083 

TAHIl(l-50)  1.0, 0,0 

2933 

TABX2(l-50)  1.0, 0.0 

2903 

TABL 

1500.0 

NIMPOT 

TABRHflS 

(1-50) 

0.0 

3T71 

TABSND 

(1-50) 

0.0 

3821 

MSI 

(1-50) 

0.0 

3133 

pom 

a*so) 

0.0 

3183 

TAUl 

1,0 

CWAKE 

TAU2 

0.4 

CWAKE 

TAU3 

0.4 

CWAKE 

TBAflMZ 

(1-50) 

0.0 

3721 

tcb(i-4o) 

0,0 

CPCCUR 

REMARKS 


Table  of  roll  moments  of/nertia,  for 
Initial  shape ,  slug  -  ft** . 

Tabic  of  roll  moments  of  inertia  for  the 
configuration  after  ZTURN ,  slug  -  f V  . 

Table  of  pitch-yaw  moments  of  inertia  for 
initial  shape,  slug  -  ft2. 

Table  of  pitch-yaw  moments  of  inertia  for  the 
configuration  after  Z.TUHN,  slug  -  ft  . 

Ablation  temperature  (°K)  for  the  heatshleld 
in  the  wake  calculations.  Note  the  difference 
in  units  from  TW1,  TWST,  TINIT,  etc. 


Tabular  input  freestream  density,  lb/ft3. 

Tabular  input  freestream  speed  of  sound,  ft/sec. 


Altitudes  for  masB  properties  tables  for  Initial 
shape,  ft. 

Altitudes  for  mass  properties  tables  for  the 
configuration  after  ZTURN,  ft. 

Pulse  length  for  radar  of  first  frequency,  sec. 

Pulse  length  for  radar  of  second  frequency,/!  sec. 

Pulse  length  for  radar  of  third  frequency,/* sec. 

Table  of  atmosphere  altitudes  for  use  with  TABHH0 
and  TABSND.  This  table  must  be  input  with  the  lowest 
(smallest)  altitude  first. 

Upper  corridor  for  differences  in  ballistic 
coefficient  in  lb/ft2.  Note  that  the  NCP  values 
in  this  table  correspond  to  the  altitudes,  H.  The 
sign  convention  for  the  corridors  is  a  source  of 
possible  confusion.  The  difference  itself  is  defined 
as  the  R/V  parameter  minus  the  decoy  parameter. 

Thus  a  positive  difference  (upper  side  of  corridor) 
implies  that  the  R/V  parameter  is  larger  than  the 
decoy  parameter.  However,  If  the  R/V  and  decoy 
parameters  were  plotted,  the  decoy  parameters  would 
then  be  below  the  R/V,  while  on'  the  difference  plots 
the  decoy  data  would  be  above  the  axis.  The 
upper  corridor  is  defined  as  the  R/V  parameter 
minus  the  minimum  allowable  value  for  the  decoy. 
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TCB  ( 1-1(0) 

0.0 

CPCCUR 

TCRIT 

0.0 

77 

TCV(l-l(0) 

0.0 

CPCCUR 

TCWL1  (1-1(0 )  0.0 

CPCCUR 

TCWIE (1-1(0)  0.0 

CPCCUR 

TCW13 (1-1(0 )  0.0 

CPCCUR 

TCWR1  (1-40 )  0.0 

CPCCUR 

TOWHB(l-ltO)  0.0 

CPCCUR 

TCWR3(1-1(0)  0.0 

CPCCUR 

TEC0K 

2.0 

78 

THO 

0.0 

207 

TEDBUT 

(1-25) 

0,0 

3bJJ0 

0,0 

3593 

Upper  corridor  for  differences  In  deceleration, 
g's.  (See  TCB). 

Angie  of  attack  cycle  time  test  parameter,  see, 
F.ecommended  value  Is  l.OE-5. 

Upper  corridor  for  differences  in  velocity,  f %/l 
(See  TCB). 

Upper  corridor  for  difference  In  wake  length 
at  the  first  frequency,  meters.  (See  TCB), 

Upper  corridor  for  differences  In  wake  length  hi 
the  second  frequency,  meters.  (See  TCB), 

Upper  corridor  for  differences.  In  wake  length 
at  the  third  frequency,  meters.  (See  TCB) t 


Upper  corridor  for  differences.  In  wake  RCS  at 
first  frequency.  Units  depend  on  It©L  (flee:  1 


Upper  corridor  for  differences  In  wake  RCS  at  the 
second  frequency.  Units  depend  on  1DBL.  (See  TCB). 


Upper  corridor  for  differences  in  wake  RCS  at  the 
third  frequency.  Units  depend  on  IDBL.  (See  TCB). 

Angle  of  attack  cycle  time  test  parameter,  sec. 
Recommended  value  Is  l.OE-5. 


Multiplier  for  the  thrust  table  which  can  be 
considered  as  a  reference  thrust  level  in  pounds 
to  be  multiplied  times  the  non-dimensional  values  ii 
the  thruBt  table,  THTHO,  or  alternatively  it  can 
he  considered  as  a  percentage  throttling  control 
to  be  multiplied  times  the  thrust  in  pounds  in  the 
thrust  table. 


Change  in  time  from  the  thfpi 
This  table,  is  used  only 


1 


m,  ft.  This  table  t 
A  thrust  table  ruhta|n§i 
to.jOCOO.O  ft,  would,  i 
for  the  hj*:gh  altitude 
equal  to  2S0QOO4  ■Sir 
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31MBPL _ PRESET _ CCWPW _  REMARKS 


THEALO  0.0 


113  Initial  pitch  Euler  angle,  degree©.  (See  Figure  4). 


TBBIA1  0.0 


134  Cone  half  angle  for  initial  configuration,  degrees. 


THETA2 

0.0 

1,40 

THEKET 

0.0 

224 

MTHO 

0,0 

3568 

(1-25) 

THTTBL 

PRESET 

TBLS12 

(1-11) 

TIM® 

500.0 

132 

Hm 

0-0 

209 

«#F 

0.0 

208 

°-° 

CPCCUR 

f|f  'v  / 

m 

0.0 

1644 

ifliiM" 

0.0 

1  qiiii 

(X-T5) 

§$> 

0.0 

1494 

lilW 

0.0 

1569 

(tyTM 

TRAJZ 

0.0 

1419 

JiiipftB!; 

(1?75) 

0.0 

1T19 

™zta 

0.0 

24$ 

Cone  half  angle  for  the  configuration  after  2TORM  , 

degrees . 

Second  thrust  offset  angle  (in  modified  Z-X  plane, 
positive  for  right  hand  rotation),  degrees. 

(See  Figure  5), 

Thrust  table  corresponding  to  THDELZ  or  THQEDT 
depending  on  WTHRUST.  The  units  of  the  table  can 
be  non-dimensional  or  pounds,  opposite  to  the  units 
chose; .  for  THO . 

Cone  half  angle,  independent  variable  for  irate 
Mach  number  table,  ETABL,  degrees. 

Internal  temperature  of  the  vehicle  for  ablation 
calculations,  °R. 

Time  for  thrust  termination,  sec. 

Time  for  thrust  initiation,  sec. 

Table  of  times  for  the  input  R/V  trajectory  data. 

This  table  is  not  currently  used  in  the  calculations 
but  it  can  be  useful  for  booMseeplng  purposes  and 
it  may  be  required  for  future  modifications  of  the 
program. 

Dose  radius  table  for  drag  calculations  (L0PT  ■  3), 
inches.  This  table  must  be  input  for  this  option  in 
addition  to  HN1. 

Time  table  for  L0FT  «  3  drag  calculations,  sac. 

This  table  affects  only  the  integrated  heating. 

Velocity  table  for  L0PT  *  3  drag  calculations,  ft/sec, 


Weight  table  for  L0PT  ■  3  drag  calculations,  lb. 

This  table  must  be  input  for  this  option  in  addition 
to  MX  # 

Altitude  table  for  L0FT  *  3  drag  calculations,  ft. 


Angle  of  attach  table  for  I^FT  ■  3  drag  calculations, 

degrees . 

Input  transition  altitude  and  option  code,  ft.  If 
this  input  i«  greater  than  aero  then  the  input  altitude 
overrides  the  calculated  transition  altitude. 
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IXC0M 


IXC0M 


IXC^M 


ixc$m 


ixo^t 


TBLS12 
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One  of  tine  Roaenbroc.lt  stopping  requirements* 
The  function  magnitudes  of  the  tout  two  Stag 
within  xcjSM(t)  times  the  third  from  toot  Dm 
in  order  to  atop. 


must  be 


One  of  the  Rosenbrock  stopping  requirement#*  Up 
ratio  of  difference  between  the  lust  end  nt*t  'tp 
last  function  to  the  difference  between  the  '(Mild 
from  last  and  second  front  last  function  .must'  bf/Ji 
than  XCf®f(5)  In  order  to  stop, 


A  Btep  will  be  called  a  success  in  the  Ros«*prf»J& 
process  if  the  function  is  lass  then  of  equal  ip 
(1,  +  XC{»«(6))  times  the  previous  value  of  -lip 
function.  Note  that  this  definition  allows 


process  to  become  unstable  on  constant  Of  ■  ip'lj  flat 
functions,  if  XOd*4(6}  is  positive j 1  ' 


The  value  for  the  r/v  taw  body  radar  cross '!« 
for  comparison  with  the  decoy  cross  Station  Cal 
dated  from  the  polynomial  with  MMdpW  M 


1  ...''l||l|;i 1  I '\W  I'i  ;,|l  I  r 

Multiplier  on  the  result  of  H£:  po|pipmia 
coefficients  AC0E. 

Rot  currently  used. 


m  : 


Normalized  air  density.  Independewt 
electron  density  table  DTABL. 


The  value  Of  the  interaction  paretmabSSr  deflni: 
lower  boundary  of  the  fulling'  region  between  i 
interaction  and  continuum  flow  rdpiiMl. 1  .  1 


Initial  range,,  ft* 


The  value  of  the  Interaction  parameter  deft^ng 
the  upper  boundary  of  the  fairing  region  between 
Strwg.lltttsiractlon  and  tOUmauum  flow  re  glass . 


The  value  of  the  rnrefaction  paupertpr  defining  the 
lower  boundary  j»f  tb»  f#4»fc M  ilijlnn  between  the 
free  mOltoula  end  strong  Interaction  flow  regimes. 


The  value  of  tb|  rartfactipj 
the  upper  boundary  of  the  f 
free  molecule  and  i|«dtOU|  Id1 


sr  defining 
pLon  between 
flow  reglaea. 


inn 


i» « 
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SMBOl _  PRESET _ COMMON 

xawto  0.0  DRCSEC 

X3B'  0.0  DRCSEC 

TO  ABL  PRESET  TBLS12 

(l-U) 

ZBM  -X.0E5  120 


REMARKS 


Two-body  ove  release  length  In  wake  radar  cross  section 
calculations.  This  Input  should  be  left  at  0.0  in 

this  model. 

Station  where  linear  production  terns  first  dominate 
the  non-linear  production  terns  in  the  wake  radar 
cross  section  calculations.  This  input  should  be 
left  at  0,0  in  this  model. 

Normalized  enthalpy  table.  Independent  variable 
for  electron  density  table,  DTABL. 

Altitude  at  which  printout  altitude  changes,  ft. 

Note  that  there  must  not  be  more  than  160  printout 
altitudes , 


* 


* 


j'jlji:;,', 

presto 

TBLS12 

Ablation  to  boundary  layer  air  mass  flow  ratio  table. 
Independent  variable  for  electron  density  table,  DTABL. 

zteujt. 

0.9 

93 

Accommodation  Coefficient  * 

ZNUS 

0,0111 

DRCSEC 

Sea  level  collision  frequency  for  wake  calculations, 

CPS. 

0*0 

206 

Altitude  of  thrust  termination  if  NTHRUST  is  1. 

205  Altitude  of  thrust  initiation  if  NTHHUST  is  2. 


CPCCIJR  Altitude  table  for  the  input  R/v  trajectory  data. 

These  altitudes  must  correspond  to  the  decoy  printout 
altitudes  defined  by  ZPR1,  ZBAR,  ZPRZ,  20,  and  ZST. 


Initial  printout  altitude  increment,  ft.  Note  that 
there  must  not  be  more  than  160  printout  altitudes. 

Printout  altitude  increment  after  ZBAB,  ft.  Note 
that  there  must  not  be  more  than  160  printout  altitudes 

Trajectory  stopping  altitude,  ft.  Rote  that  the  pro¬ 
gram  stops  all  processing  if  the  Mach  number  goes 
below  Mach  5  before  the  vehicle  reaches  the  altitude 
ZST.  (also  see  H.)  -  ‘ 
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Altitude  at  which  a  discontinuous  change  to  tie 
vehicle's  configuration  and/or  weight  and/or  «at*ei 
is  to  be  made,  ft.  The  new  configuration  aft#'!'., 
ZTURN  must  be  completely  defined  by  the  fljnjpt* 
Changes  of  beatshieM  material  at  ZfflJW  flaf  »ft  tw 
compatible  with  the  wake  calculations,  !^bt  testa 
for  the  ZTURN  operation  are  only  made  at  prlntohl 
events,  thus  Baall  changes  In  ZftUJW  do  not  produce 
continuous  results,  A  negative  fflURH  Indlpatof 
that  no  discontlnuoua  shape  change  *  to  take  J»lp.«# 
The  screening  subroutine  (SCREW)  1  .  Ires  that 
ZTURN  not  be  lees  than  -10.0, 

Initial  altitude,  feet.  It  is  intended  that  the 
trajectories  by  initiated  at  3000000,0  feet  or 
above.  Trajectories  starting  belot  thfi  hltitW* 
may  have  numerical  difficulties. 
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The  20  different  input  sheets  which  have  been  prepared  for  this  program 
are  included  in  Appendix  1.  Certain  infrequently  used  input  symbols  (Table  5) 
do  not  appear  on  these  sheets.  A  typical  memo  will  contain  more  than  one 
copy  of  some  Inputs  and  no  copies  of  others.  The  selection  of  the  input 
sheet#  depends  on  the  options  being  used.  The  symbol;!  on  a  given  sheet 
tend  to  he  In  groups  corresponding  to  a  particular  option. 

The  first  input  sheet  of  Appendix  1  is  associated  with  the  selection 
of  th*  uearch  technique,  definition  of  the  design  variables,  and  definition 
of  the  penalty  function.  Control  data  for  the  search  techniques  are  also 
included*  This  sheet  contains  the  primary  inputs  required  to  operate  the 
classic  dMch  cases, 

1 'l:,1 11  I*  JjK'tj  I'r.!'1'! "j  :  ' 

'the  ppOopd  input  sheet  contains  additional  control  data  for  the 

iil!!i|i  tschhique  on  the  top  half  and  input  data  for  the  functions 

if  |lll|!  i|!  I, i!  till  II;1  toil,. ,  I 1 ;  1 

in  Subroutine  MISC  on  the  botton  half. 


The  third  input  sheet  contains  the  corridor  tables,  standard  deviation 
hik1  apd.  control  codas  for  the  processing  of  the  trajectory  performance 


Hi  l!;;^ 


I!®  1 1 1 1  ll 

lllli|l:|!! 


The  fourth  i:put  sheet  contains  similar  input  provisions  for  the  remaining 


The  Input  sheet  is  associated  with  the  inputs  required  for  the 

ij  i  1  ,,,!"  'Ij!:'.' '  :  ' 

wahe  calculations .  Both  the  Inputs  for  the  wake  flow  field  and  the  wake 

|  i  ! lj|  w  •  1  '  ■  1 1 

radar  response  s**e  included  anlhAs  sheet.  When  this  input  sheet  is  Used  for 
the  reference  reentry  vehicle,  be  sure  that  some  I0P  codas  for  wake  calcula* 
tions  are  one  and  that  the  IDBL  code  fbr  the  units  IS  set  properly*  {See 
a  ample  input  discussion). 
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The  sixth  input  sheet  oontelna  the  trajectory  Initial,  ooivSitiOMi,  stop, 
ping  parameters,  and  printout  controls. 


The  seventh  input  sheet  provides  for  the  definition  of  the  vehicle  and 
the  analysis  options  desired. 

The  eighth  input  sheet  contains  the  trajectory  plotting  control#  *  tl» 
tape  output  control,  and  the  trajectory  printout  control,  along  with  none 
physical  'Constants  used  in  the  trajectory  calculations. 


The  ninth  input  sheet  provides  for  the  input  of  the  reentry  vehicle 


performance  data  for  comparison  with  decoys  in  scam  later  case.  These  Input* 
are  associated  with  the  option  where  M0DE  is  equal  to  fi  or  3  and  ll||p  is 
equal  to  3.  The  use  of  this  'Option  involves  the  risk  that  the  reentry 
vehicle  date  end  the  decoy  data  are  being  produced  fro*  d&fteftet  madele  and 
that  the  apparent  differences  in  performance  may  really  be  iflffbrttnuns  iji  :|i!| 
prediction  techniques.  Mote  that  the  altitudes  in  tbs  table  mast 
correspond  to  the  deooy  printout  altitudes  in  tte  following  cases.  Ho 
interpolations  are  performed  on  this  input  data.  Only  the  performance 


quantities  to  be  compared  with  the  decoy  data  are  required  to  toe  input  along 
with  the  altitude  table. 


The  tenth  Input  sheet  Is  associated  with  the  influence  ooe| 
calculations  of  the  M0DE  »  £  option.  This  input  sheet  typically  define*  tte 
third  case  of  a  memo  withe  the  first  case  is  a  reference  iMintry  vehielo, 
IHHf1  *  1,  the  'second  case  1*  a  basic  decoy,  IFEF  a  A  end  HliBOOT  -1,  and  the 
thtM  case  proves  for  pentoa^etioo*  of  the  ap«|«|id  design  variables  of 


the  "topic  pcoy  te  rirtlfe  the  partial  derivative.  0#'  the  perform**  variabl 


with  respeot  to  the  design  variables 
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fh*  eleventh  Input  sheet  allows  for  the  calculated  drag  to  toe  superseded 
by  an  Input  dreg  table,  and, ,/or  allows  for  an  added  increment  of  drag  to  be 
•Mad  to  either  the  calculated  or  input  drag,. 

The  twelfth,  Input  sheet  provide  a  for  throat  m  a,  function  of  vittier  tine 
lifter  Initiation  or  the  absolute  /time  of  the  altitude  change  after  Initiation, 
The  thrust  Is  provided  as  a  multiplier,  TOO,  tines  an  input  table,  THTSIQ, 

Bia  thirteenth  Input  sheet  allows  an  angle  of  attack  history  to  be  Input 
fo*  use  with  particle  trajectories  so  that  the  angle  of  attack  effects  on 
the  drag  ctaua,  be  included  approxlsr  tely. 

The  fourteenth  Input  sheet  is  for  use  In  providing  new  heatahleld  material 
ablation  properties, 

ft**  fifteenth  input  sheet  allows  an  input  atmosphere  table  to  override 
t!l|§  li 9ft  Standard  Atmosphere  between  the  specified  altl  tudee ,  Exponential 
Interpolation  Is  used  fop  the  density  table.  Note  the  restrictions  on,  the 
•  i»l|r  of :  fhm  input*  in  the  tables , 

J  ,U  .  |  M 

fh*  sixteenth  input  sheet  allows  the  preset  accuracy  controls  for  the 
predl*t^^«n*ipotor  integration  subroutine  to  be  modified.  The  smoothneaa 

ii,,i 

and  oontiWMiity  g#'  the  penalty  function  as  well  as  acme  aspects  of  the  running 
time  ttpand  on  these  parameters, 

fh*  sawnteewth  'and  eighteenth  input  sheets  provide'  access  to  tha  drag 
^loiiattons  ltoe  free-atpes*  eondlttona  defined  in  tents  of  wind  tunnel  para¬ 
meters,  fttii  optdjOAi  is  pot  used  in  conjunction  with  trojeobwy  or  optimize- 

tion 
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The  nineteenth  Mad  twentieth  input  sheets  provide  similar  mmm  to  the 
artt®  calculations  for  frees tream  conditions  defined  in,  term*  of  flight  p«»- 
fflitew ,  This  option  Is  not  used  In  conjunction  with  trajectory  or  optimism-. 
tlon  calculations.  Note  that  this  option  should  not  be  confuted  with  the 
1IW.F  *  3  "trajectory  input  options"  on  the  ninth  Input  sheet. 
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Inputs 


),0  ftiiiarlotlon  Of  BqffilftJProblgm  Inputs 

The  sample  problems  consist  of  eight  cases  illustrating  a  number  of 
different  options  and  capabilities  of  the  program.  The  first  three  cases 
demonstrate  the  primary  operations  of  evaluating  a  reference  reentry  vehicle's 
performance,  optimizing  a  decoy  configuration,  and  evaluating  a  single  decoy’s 
performance.  The  last  five  cases  demonstrate  the  use  of  classic  check  cases 
to  provide  inexpensive  tests  of  the  correctness  of  the  program.  The  Input 
ifaaeto  for  these  eight  check  cases  are  Included  in  Appendix  2 . 

The  first  three  Input  sheets  define  the  first  case  which  Is  the  evaluation 
Of  tt.  reentry  vehicle's  trajectory  and  wake  characteristics.  The  first  Input 
sheet  provides  for  Identification  data  and  for  the  definition  of  the  Initial 
a^d  final  trajectory  conditions.  The  printout  code  le  set  to  zero  to  delete 
thf  detailed  trajectory  output. 

The  second  input  sheet  defines  the  weight  and  geometry  of  the  reentry 
With  the  he  at  shield  material  and  analysis  options. 

I;:,  j  ■  (  ' . 

The  third  input  sheet  provides  the  inputs  necessary  to  control  the  wake 
calculations  for  the  reentry  vehicle .  Mote  that  the  I0P  codes  numbered  3^ 
and  37  are  set  equal  to  one  to  indicate  that  the  wake  length  and  wake  RCS 
at  the  first  frequency  are  to  be  calculated.  This  indirect  means  is  required 
in  order  to  get  the  wake  calculations  executed  for  the  reentry  vehicle.  This 
m  inputs  for  the  reentry  vehicle.  A  "transfer  card" 

IlftlN  'to'  to"  a«toma  1*  inserted  at  the  end  of  each,  case  to 

indicate  that  the  program  should  stop  reading  input  cards  and  begin  to  execute 


1 . . . . . Ml . . . . . . . . 
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ft»  Mocmd  oast,  consisting  of  input  sheets  k  through  T»  provides  am 
e.wp^e  of  a  daooy  optimization  problem.  This  problem  Include*  results  from 
all  the  ADTECH  IV  tasks.  The  problem  is  to  detemlne  the  lightest  weight 
dacoy  (and  Its  corresponding  base  radius  and  length)  which  is  within  three 
specified  corridors  and  Is  compatible  with  four  geometric  constraints.  The 
probability  of  discrimination  based  on  specified  radar  measurement  errors, 
number  of  samples,  and  probability  of  false  dismissal  la  to  be  calculated 
and  printed  out.  For  this  example,  the  minimum  weight  Is  to  be  determined, 
within  20  percent, 


The  fourth  input  sheet  identifies  the  beginning  of  Case  2.0  and  specifies 
that  the  Rosenbrock  Rotating  Coordinate  Optimizer  Is  to  be  need.  The  base 
radius  and  length  are  Identified  as  the  design  variables  with  starting  values 
of  2.5  and  20.0  Inches  respectively.  The  first  entry  in  the  constraint 
table  Identifies  the  quantity  to  be  minimized.  The  lower  and  upper  bounds 
are  set  $o  that  there  will  be  no  contribution  to  the  penalty  equation. 

Since  it  la  weight,  which  is  an  input  quantity,  the.  code  IC0M(3)  la  left 
at  zero.  The  next  three  constraints  are  tbs  corridor  functions,  These  haw 
multipliers  to  reduce  the  numerical  value#  of  the 

corridor  .function  to  reasonable  levels.  Geometric  constraint*  on  the  base 
radio* ,  length,  cone  angle,  end  bluntness  ratio  are  specified  In  the  next 
four  entries  In  the  constraint  table.  The  last  two  entries  provide  'for  the 
'difference  in  the  means"  and  the  probability  of  discrimination  to  be  printed 
outt  however,  they  will  not  contribute  to  the  value  of  the  penalty  function 
because  their  multipliers  (AMUIff)  are  set  to  zero.  This  Illustrates  the  use 
of  one  of  the  more  subtle  output  controls.  Note  that  this  sheet  controls  the 
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optimizer*  end  the  penalty  function  equation  but  does  not  control  the  actual 
calculation!  fc  the  trajectory,  observables,  and  effectiveness  subroutine®. 

The  option*  and  required  Input  data,  for  those  calculation®  must  be  input  to 
produce  the  quantities  implied  on  this  sheet.  There  Is  no  automatic  connection 
between  the  penalty  function  equation  and  the  actual  calculation®  In  the 
function  evaluator  , 

The  fifth  sheet  provides  for  the  trajectory  program  t>  work,  with  'base 
radius  and  length  (IGE0M  ■  3)  and  includes  the  input  weight  and  nose  radius 
for  the  decoy.  This  weight  number  will  be  changed  In  the  program  during 
the  optimisation  process.  The  decoys  have  the  same  initial  and  final  condi¬ 
tions  and  heatihield  material  as  the  reentry  vehicle,  so  no  other  Inputs  are 
required.  Note  that  the  printout  intervals  nuBt  he  the  same  for  the  reentry 
vehicle  and  decoy,  thus  they  are  not  input  again  for  the  decoy.  The  wake 
calculation*  are  to  he  under  the  same  groundrules,  so  the  wake  Input  data  are 
not  repeated* 

The  Birth  and  seventh  input  sheet*  define  the  number  of  entries  in  the 
tables  being  tteed,  the  corridor*  and  radar  errors,  the  number  of  radar 
Samples,  the  probability  of  false  diami*Bal  and  the  option  code*  which  provide 
ItW1'  the  appropriate  effect!' vents*  integral*  and  corridor  integral*  to  be 
calculated*  The  number  of  smoothed  radar  samples  of  the  wake  SRS  (k )  and 
flflt  (7) i  are  actually  equivalent  to  a  value  of  0.391  since  the  effectiveness 
function  is  only  calculated  over  a  90000  feet  interval  (16OK  to  70K)whlle  the 
altitude  difference  in  the  effectiveness  equations  Is  230000  feet  (300K  to  TQK). 
This  complete*  the  Inputs  required  to  define  a  reference  reentry  vehicle  and. 

,*■  minimum  weight  decoy*  The  remaining  input  sheets  illustrate  other  features 


The  eighth  input  sheet  provides  for  the  evaluation  and  comparison  of  * 
single  decoy  with  the  reference  reentry  vehicle,  This  qmm  h  ^  t0 

evaluate  and,  plot  the  data  corresponding  to  the  20 M  pound  decoy  determined 
In  case  2.0. 

The  ninth  input  sheet  (Case  4,0}  illustrate®  the  inputs  for  a  classic 
cteck  case  using  the  Rosenbrock  Method  on  a  quadratic  function  of  two  variables. 

The  tenth  input  sheet  (Case  3,0)  illustrates  the  Inputs  for  the  same 
problem  using  the  Davidon  method.  This  problem  la  initiated  with  FAC  equal 
to  1.0  so  the  input  sheet  for  the  HH  matrix  is  not  required. 

The  eleventh  Input  sheet  (Case  6.0)  ehovs  a  two-variable  Fibonacci  search 
of  the  same  function  between  the  limits  of  +10.0  for  each  variable. 

The  twelfth  input  sheet  (Case  7.0)  provideu  a  constrained  check  case 
where  the  objective  ia  to  determine  the  smallest  value  of  the  second  design 

variable  which  la  compatible  with  the  value  of  the  function  being;  between  0*0 
and  1,1, 

The  thirteenth  input  sheet  (Case  8.0)  provides  a  check  case  for  the  one- 
variauie  Fibonacci  optimizer.  The  second  design  variable  is  set  equal  to  1.0 
and  the  first  design  variable  is  varied  to  locate  the  MtOmm  Of  the  function. 

A  listing  of  the  input  cards  is  shown  at  the  end  of  Appendix  2  in 
order  to  illustrate  the  actual  input  formats.  Bote  the  transfer  cards  which 
are  at  the  end  of  each  case.  The  final  "BID  OF  JOB"  card  and  the  slaah- 

asterlsfc  card  indicate  that  there  are  no  more  cases  in  this  job. 


The  primary  printed  output  from  the  sample  problems  la  reproduced  In 
Appendix  3.  The  output  from  eases  1  and  3  through  8  are  reproduced  in  their 
entirety  and  the  output  from  case  2  has  been  edited  to  show  the  beginning  of 
the  search,,  the  optimum,  and  the  end  of  the  search.  The  plots  produced  by 
these  sample  problems  are  reproduced  in  Appendix  4.  These  outputs  correspond 
exactly  to  the  Inputs  described  In  Section  5,0  ant'  Appendix  2. 

The  sample  problems  were  executed  at  the  Avco  Computer  Center  using  an 
IBM  360/65  computer  and  a  SC-4020  plotter.  The  first  twelve  pages  are  pro¬ 
duced  by  the  system  to  show  the  control  cards  and  the  memory  map  for  the  program, 

.]  ote  that  these  runs  utilise  the  Avco  plotter  package  which  contains  a  large 
number  of  subroutines.  When  ether  plotter  packages  are  used,  such  as  the 

Aerospace  PUP  package,  the  list  of  subroutines  marked  with  asterisks  will 
change  considerably, 

6.1  Trajectory  Printout 

The  preset  Input  data  Is  shown,  on  the  next  3  pages  along  with  thy 
input  data  for  Case  1.0.  The  heading  card,  identifying  the  case  it  oh 

the  next  page .  This  is  followed  by  the  main  output  from  the  first  oast « 

1 

This  consists  of  the  case,  date,  memo,  and.  program  numbers  (whew  the 
case  number  hae  been  Incremented  by  0,001),  a  title  identifying  this 
output  as  that  of  a  reference  reentry  vehicle,  a  description  of  the  vehicle 
design  parameters,  and  a  summary  table  of  the  trajectory  and 
The  code,  Up,  at  the  end  of  the  design  variables  is  an  output  of  the 
trajectory  calculation!! ,  If  UP  is  6,  the  calculations  have  feilad  to  run 
to  completion  „  The  subroutine  ATM4rk  uses  tbia  code  th  Ihdleak  m  manner 
:|n  Shiah  the  integration  process  concluded .  All  values  except  1$'  ChoWdered 
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normal.  The  results  of  the  wake  calculations  are  presented  for  the 
radar1  cross  section  (WAKE  Hi)  and  the  wete  length  (WAKE  LI)  at  the 
first  frequency.  The  wake  calculations  were  started  at  lSOOOO  feet  altit 
tude,  thus  the  values  printed  out  above  that  altitude  are  artificial. 

The  Inputs  for  case  2.0  are  shown  on  the  next  page.  This.  Is 

followed  by  the  title  Information  on  the  next  page.  The  title  "Case  2.001" 

identifies  the  initial  decoy  in  the  search  for  a  minimum  weight  decoy 

within  the  stated  constraints.  The  initial  decoy  weighs  bO.O  pounds, 

has  a  0.10  inch  nose  radius,  a  2.5  inch  base  radius,  and  a  20.  inch 

length,  as  was  requested  on  the  input  sheet.  The  trajectory  and 

wake  calculations  are  shown  below  the  design  variable  information  in 

the  same  fonnat  as  the  reentry  vehicle.  The  second  page  of  case  2.001 
*hM$  *  member  of  values  eff  diagnostic  infc’ nation.  The  corridor 
integral  for  velocity  Is  1,5  x  10T  ft2/jec  and  the  decoy 
lefb  the  velocity  corridor  at  113269.  feet  altitude.  The  effectiveness 

integral  for  velocity  is  6.7*105.  The  printout  showing  the  two  wake 

corridor  integrals  to  be  0.0  Indicates  that  this  decoy  is  within  both 

wake  corridors.  She  printout  starting  with  "HOBO'^bhows  the  results 

of  sons  of  the  calculations  in  Subroutine  MZSC.  Since  the  discontinuous 

shape  Change  option,  ZTUKH,  is  not  being  used,  those  parse.-' ter b  which 

lire  designed  for  comparing  the  vehicle  before  and  after  shape  change  are 

not  Of  interest.  The  average  density  of  the  vehicle,  Wl/Vl,  might  be 

of  interest  if  internal  packaging  problems  are  anticipated. 

The  table  aborting  with  "IZ"  is  of  particular  interest  since  it 

,i|0|gpi:b*«  the  constraints  and.  provides  a  means  for  identifying  those 

I'1  !l|i  ■'|!|S ;!ij:ip'  'iv  1  •  •  !' 

constraints  thlOh  tm  active'  and  those  which  are  not  active*  The  code 


numbers,  lower  bounds,  ana  upper  bounds  are  taken  directly  from  the 
Inputs  IDC,  CAL0W,  and  OTP.  The  values  listed  under  0CCTJR(IZ)  are  the 
actual  values  of  the  quantities  being  constrained.  Each  of  the 
terns  in  the  penalty  equation  are  listed  under  "PEHALTT".  In  this 
case,  the  decoy  meets  all  the  requirements  except  for  the  velocity 
corridor.  The  penalty  term  for  being  out  of  the  velocity  corridor  is 
2 .36xlC>9.  The  probability  of  discrimination  is  0.3- -19  as  shown  at  the 
bottom  of  the  {fcCUR(lZ)  list.  The  line  beginning  "*FEV*"  contains 
the  total  of  the  penalty  terms,  called  F,  and  the  values  of  the 
active  design  variables,  called  X.  This  is  the  information  which  allows 
the  search  to  proceed.  The  function  evaluator  has  been  given  the  two 
design  variables  and  it  has  determined  the  value  of  the  function  to  be 
2 .36x10^.  The  remaining  output  is  diagnostic  data  from  subroutine 
R05BRK  which  indicates  that  the  first  trial  of  the  first  design  variable 
of  the  zeroth  stage  has  not  yet  lead  to  a  successful  step  end  the  value 
of  the  function  is  U.  Here,  the  2,36  x;  10^  is  too  large  for  the  progreihpd 
format  an*  asterisks  are  substituted.  The  first  value#  labeled  P(j)  are 
the  current  design,  variables,  the  values  labeled  DP(l)  ere  the  changes 

to  these  variables  to  obtain  the  design  variable#  for'  the  next'  trial 

"V  'jili'tiJ'Jli1 

which  are  printed  out  under  the  label  P(l) .  The  quantity  E(H)  1«  the 
current  step  size  in  the  rotated  coordinate  system.  This  output  indicates 
that  the  next  decoy  will,  have  a  base  radius  of  2 .6  inches  with  ®  80  l|Wh 
length* 

This  decoy  1#  evaluated  in  Case  2 .002  .It  is  found,  that  it  tea  a  penalty 
function  value  of  1.98  x  10^  which  is  an  improvement  ovtr  the  previous 
2,36x10^,  The  next  decoy  will  have  a  base  radius  of  t*9  inches,  whidh 
has  a  penalty  of  9*16x10®  as  shown  in  Cose  S.003.  Cane  2,001  show* 
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Wtiniwd  Improvement  with  Increasing  base  radius;  however,  in  case  2,005 
the  base  radius  has  been  mate  too  large.  For  case  2.006  the  base  radius 
1,8  set  bach  to  the  best  value  #o  far  (3*8  inches  used  in  Case  2,004)  and 
the  length  is  increased  to  21  inches.  ThiB  combination  of  base  radii's 
and  length  produces  a  decoy  which  meets  every  one  of  the  constraints. 

The  value  of  the  function  is  aero. 

Hie  detailed  printout  for  this  decoy  (Case  2.007)  has  been  edited 
from,  Append!*  3  along  with  Cases  2.008  through  2.025.  After  case  2.00T 
the  factor  W4F  ■  0.8  is  applied  to  the  weight  and  another  search  is 
conducted  to  determine  if  there  is  some  combination  of  base  radius 
and  length  Which  will  allow  a  32.0  pound  decoy  (0.8  x  **0.0)  to  meet 
«n  tjfrj  constraints .  The  search  started  with  the  base  radius  of  3.8  inches 
and  tte  length  of  21  inches;  however,  this  decoy  waB  out  of  the  velocity 
corridor.  In  case  2.013,  a  32  pound  decoy  with  a  base  radius  of  3-6 
Inches  md  a  length  of  22  inches  was  found  to  be  acceptable.  Case  2.014 
provided  a  detailed  printout  for  this  decoy. 

The  weight  was  reducri  to  25.6  pounds  (0.8  x  32)  and  the  search  was 
continued  until  a  eolation  wae  found  at  a  base  radiUB  of  3-2  inches  and 
a  length  of  23  inches  In  case  2.025.  The  detailed  output  for  this  decoy 
wi  produced  in  caee  2.026  which  is  included  in  Appendix  3- 

Tf y  i1,, i;  !•'  '| 1  Jj  '■  i  '  '  • 

The  idrtelih  Of  th*  trajectory,  drag,  configuration,  pressure,  heating, 
and  mass  loss  data  0*»  provided  for  each  printout  altitude.  The  definitions 
of  these  quantities  are  provided  in  Table  6.  The  summery  data  are  pro¬ 
vided  et  the  end  rf  the  detailed  printout.  It  will  he  shown  later  that 
this  deooy  is  the  JttdMft  weight  decoy  (within  20*)  which  meets  til  the 

;  Sit  Mliilli'  .2  ‘  1:  j  |ip  i.'iji'il':  :.i 

oometralmtc.  j]  , 


The  weight  ie  reduced  to  16.38  pounds  wad  another  March  Itt  conducted 
for  an  acceptable  decoy  at  this  weight  starting  with  the  bun  radius  Of 
3,2  indies  and  a  length  of  23  Inches  in  case  2.0ET.  A  total  Of  |0 
combinations  of  base  radius  and  length  were  evaluated  at  the  1:6.38 
pound  weight  without  finding  a  solution.  Cases  c,028  through  2.055  am 

not  included  in  Appendix  3.  The  K0SBRK  stopping  criteria  were  mat  after 

1 

the  30th  trial  (case  2,056)  which  indicates  that  a  minimum  of  the  function 
hast  been  found  and  that  there  is  no  acceptable  solution  at  this  weight. 

If  there  are  questions  regarding  the  possibility  of  multimode  I  functions, 
it  would  be  advisable  to  execute  another  problem  to  determine  If  other 
starting  points  might  lead  to  a  solution  at  this  weight*  The  summary  table 
at  the  end  of  case  2,056  indicates  that  the  only  active  penalty  ter*.  1b 
the  wake  length.  If  the  requirements  on  this  performance  function 
(corridor)  were  relaxed  sufficiently  then  this  decoy  would,  become  a 
solution,  However,  for  the  stated  problem,  there  is  no  solution  at  l6*$0 
pound#  weight.  Therefore  the  lightest  acceptable  decoy  (within  BOflD 

im  the  20.46  pound  'decoy  of  case  £.066,  This  decoy  Is  therefore  the 

_ _  ! 

opt)imuci« 

If  It  were  desired  to  Obtain  the  optimum  more  accurately,  another 
problem  could  toe  executed  starting  with  the  20,48  pound  solution  and 
utilising  a  reduction  factor,  WRF,  of  perhaps  0,90  or  0,95. 

It  Is  interesting  to  note  that  four  solution-finding  problems 
(40,  38,  25,6,  'and  20,46  lbs)  were  'conducted  in  2'6  cast*  while  it  toot' 

30  oases  to  prove  that  there  was  no  solution  at  16,38  pound#',  Oq^riOiwie 
of  this  type'  ‘hut*  discouraged  the  use  of  'more  conrentlohdl  mwt-ftnding. 
methods  in  subroutine  reduce. 


In  general,  no  manual  data  reduction  is  required  since  the  detailed 
trajectory  output  is  provided  for  the  optimum  decoy  (case  2 .0«?6  in  Udb 
problem).  Because  of  the  expected  length  of  case  2,  the  plotter  was 
not  utilized.  The  next  cane  illustrates  how  a  single  given  decoy 
might  be  evaluated  and  how  plots  are  produced.  The  decoy  utilized  in 
case  3.0  Is  the  same  as  the  one  in  case  2.026.  Note  that  in  general 
one  would  not  have  foreknowledge  of  the  results  of  case  2.0  when  deter¬ 
mining  the  inputs  for  case  3«0;  however,  case  2.0  had  been  run  previously 
in  checkout  and  the  solution  was  known. 

Case  3.0  provides  a  summary  output  for  a  single  decoy.  In  addition 
to  the  trajectory  and  wake  output,  the  tables  for  the  differences  and 
corridors  are  also  printed  out  for  each  corridor  parameter.  The  plots 
produced  by  this  case  are  shown  in  Appendix  4. 

6.2  Plotter  Output 

The  first  frame  in  Appendix  4-  is  an  identification  i  reae  produced 
only  at  Avco.  The  total  drag  coefficient,  C^,  versus  altitude  is  shown 
in  Frame  2  while  the  pressure  and  base  drag  coefficient,  skin  friction 
coefficient  and  induced  drag  coefficient  are  shown  in  Frames  3,  4, 
and  5,  respectively.  The  ballistic  coefficient  is  Bhown  as  a  function 
of  altitude  in  Frame  6  while  the  velocity,  Mach  number,  deceleration, 
altitude ,  and  dynamic  pressure  are  shown  ae  functions  of  time  in  Frames 
7-11  respectively.  The  total  decoy  weight  as  a  fraction  of  the  initial 
weight  is  shown  versus  altitude  in  Frame  12.  Frames  13-21  contain  time 
histories  of  data  related  to  the  aerodynamic  heating.  Frame  13  is 
the  stagnation  pressure  In  atmospheres,  while  Frame  l4  is  the  normalized 
stagnation  enthalpy.  Frames  15-18  are  the  heating  rates  at  the  stagnation 
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point,  aoiuo  point,  station  7,  and  station  8,  respectively,  Frames  19-21 
nhow  the  pressures  normalized  by  stagnation  pressure  for  the  tangent 
point,  station  7,  and  station  8  respectively.  The  -wake  length  In 
meters  is  shown  in  Frame  22  and  the  wake  radar  cross  section  in  decibels 
in  Frame  23.  The  velocity  corridors  end  the  differences  between  the 
reentry  ,  .1.  are  shown  in  Frame  2k.  In  this  case  the  decoy  is 
slower  than  the  reentry  veld.de  throughout  the  trajectory.  The  corridors 
for  the  wake  length  are  shown  in  Frame  25  and  for  wake  RCR  in  Frame  26, 
The  "END  OF  JOB"  shown  in  Frame  27  Is  produced  at  Avco  to  separate  Jobs 
mid  to  positively  Indicate  that  all  plots  written  on  tine  tape  have  been 
plotted  by  the  plotter. 

6.3  Classic  Check  Case  Printout 


Cases  4  through  8  illustrate  inexpensive  check  cases  used  to  verify 
the  operation  of  the  four  search  methods  and  the  teclmique  of  reducing 
a  parameter  to  obtain  an  optimum.  Selected  portions  of  the  output 
from  these  cases  hive  been  manually  plotted  in  Figures  6-10. 

Case  4.0  illustrates  the  operation  of  the  Rosenbrock  Method  in 
an  unconstrained  optimization  mode,  A  total  of  35  trials  organized 
in  4  stages  (coordinate  systems)  are  required  to  obtain  the  optimum 
and  meet  the  stopping  criteria.  Eleven  selected  trials  are  shown  in 
Figure  6  to  illustrate  the  coordinate  rotations  and  general  pattern  of 
the  trials.  The  locations  of  the  35  trials  are  labeled  "X"  in  the  print¬ 
out. 


Case  5.0  contains  the  Davidon  solution  for  the  same  problem.  The 

locations  of  the  trials  are  shown  in  Figure  7.  At  each  of  the  points 

labeled  in  the  figure,  three  evaluations  of  the  function  are  performed 
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in  order  to  evaluate  the  gradient  at  each  point.  The  coordinates 
are  labeled  "X"  In  the  printout  and.  the  gradient  is  labeled  "C". 

A  total  of  16  trials  are  performed.  Tills  Illustrates  the  efficiency 
of  the  Davidon  method  on  quadratic  functions. 

Case  6.0  contains  the  two-variable  Fibonacci  solution  for  the  name 
function  where  the  search  Is  conducted  between  values  of  the  independent 
variables  of  +10.0.  Twelve  points  are  used  for  each  variable  for  a 
total  of  lWi  evaluations  of  the  function  plus  1  evaluation  for  final 
printout.  Six  of  the  locations  are  shown  fcr  each  variable  In  Figure  8. 

The  points  labeled  1-5  show  the  technique  of  fixing  the  value  of  X,,  while 
finding  the  best  value  of  X  .  Next,  the  value  of  Xg  is  changed  and  the 
points  13-17  are  evaluated.  This  process  is  continued  until  the  Interval 
of  uncertainty  around  the  optimum  has  been  reduced  to  the  amount  implied 
by  the  use  of  12  points.  The  final  (llsth)  printout  is  the  best  of  the 
previous  lM+  trials.  Note  that  the  last  of  the  group  of  12  trials 
(or  the  last  of  the  iWt)  is  not  necessarily  the  optimum. 

Case  7.0  contains  a  rather  long  check  case  somewhat  analogous  to 

the  problem  solved  In  Case  2.0.  The  problem  here  is  to  find  the  minimum 

value  of  Xg  and  the  cor  eapondlng  value  of  Xx  which  is  within  the  constraint 

of  the  function  being  not  greater  than  1.1.  The  Rosenbrock  Method  is  used 

to  vary  both  X,  and  Xp  until  an  acceptable  value  of  the  function  1b  obtained. 

The  constraint  on  Xg  is  tightened  and  the  search  is  repeated.  This 

process  is  illustrated  In  Figure  9  where  the  constraints  are  labeled  "C1". 

In  the  printout,  the  current  value  of  the  constraint  is  the  first  value 

under  the  label  "OFFER  BOUND".  The  trial  counter,  NTKEA,  starts  over 

for  each  new  vblue  of  the  constraint  and  the  coordinate  system  returns 

to  a  system  parallel  to  the  Initial  one.  The  best  values  of  and  'Xg 
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1m i  HR  u.ju.1  to  the  search.  After  J.t  ia  shown  that  there  is 

no  acceptable  solution  with  a  constraint  of  0.4519,  the  optimum  can  be 
identified  us  the  last  successful  solution  which  occured  when  X,  -  1.721 

m'd  Thc  ™lue  °r  function  at  this  point  was  1,099. 

The  theoretical  optimum  is  at  (1.700,  0.500)  with  n  function  value  of 
1*100,  ™R  is  considered  to  be  good  agreement. 

Case  8.0  illustrates  the  one -variable  Fibonacci  search  using  12  points 
The  locations  of  the  first  5  points  are  shown  in  Figure  10.  Note  tmt 

has  been  set  to  1.0  and  that  the  search  ia  for  the  best  value  of  X-, 
between  the  limits  +10.0. 

The  la  at  case  is  followed  by  the  "END  OF  JOB"  card  and  two  pages 
of  systems  output.  The  running  time  of  these  8  cases  plus  the  time 
required  to  load  In  the  program  was  19.25  minutes  on  the  IBM  360/6 5 
using  overlay  techniques.  The  corresponding  time  for  the  IBM  360/75 
without  overlay  was  H.15  minutes  using  the  binary  program  on  magnetic 
tape.  Slightly  shorter  time  will  be  expected  when  using  the  binary 
program  from  the  disk.  The  major  part  of  the  running  time  is  used  by 
Case  2.0  which  may  be  bypassed  by  removing  the  transfer  card  immediately 
before  the  card  punched  "case  3.0".  This  provides  a  shorter  check 
series  requiring  5.?  minutes  on  the  IBM  360/65  with  overlay.  Each 
trajectory  Is  averaging  about  13  seconds  running  time  on  the  360/65, 

Changes  in  the  printout  Intervals  or  the  number  of  performance  parameters 

will  change  this  number.  Roughly  3  minutes  are  required  to  load  the  pro¬ 
gram  into  the  core. 
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TABLE  1 


SUMMARY  OF  SCREENING  LIMITS 


em  Condi lions 

1. 

2  If  ZTURN  >0.0 

3 

4  If  ZTURN  >0.0 

5 

6  If  STORK  >0.0 

7 

8  If  ZTURN  > 0 .0 

9 

10  If  ZTURN  >0.0 

11  If  IfTHHUST  +  0 

12  If  HTHRUST  -  1 

13  If  HTHRUST  -  2 

14  If  HTHRUST  -  1 


Lower  Limit  Parameter 


0.0 

RN1 

0.0 

KN2 

0.0 

rki/Hb1 

0.0 

\/\ 

3.0 

LAI 

3.0 

LA2 

4.0 

THETA 1 

4,0 

THETA2 

-10.0 

ZTURN 

0.0 

W2 

0.0 

ISP 

zjSff 

Z0N 

TO 

T0H 

ROT 

gfiFF 

T0H 

T0FF 

Upper  Limit  Units 

1.0000 . 

inches 

10000. 

inches 

0.6 

— 

0,6 

168.0 

Inches 

160 .0 

Inches 

40.0 

degrees 

4o.o 

degrees 

zo 

feet 

W1 

pounds 

10000 . 

seconds 

zo 

feet 

t0ff 

seconds 

80k 

feet 

TST 


15 


If  HTHRUST  -  2 


seconds 


* 


Table  3  Design  Variables  and  Design  Variable  Constraints 


0CCUK 

Code  Ho. 

Item 

Related  Option 

133 

W1 

134 

THETA1 

JN0E0M 

135 

HN1 

NOK0M 

136 

RBI 

— 

137 

LAMPA1 

NGB0M 

138 

LAI 

NGE0M 

139 

W? 

Z.TURN 

140 

Tl  FTA2 

NGE0M,  ZTUHH 

141 

HN2 

NGE0M,  ZTURM 

ite 

REG 

ZTUHN 

143 

IjAMDA?? 

NGE0M,  Z’TURH 
NGE0M,  ZTURN 

144 

LA? 

145 

ZTUHN  (Do  not  use) 

— . 

205 

Z0N 

NTHKU5T 

206 

20FF 

NTHRUST 

.’07 

TOO 

NTHRUST 

208 

T0K 

NTHRUST 

209 

T0FF 

NTHRUST 

2232 

ISP 

NTHRUST 

3233-3307 

HTAB(l-75) 

MAXCD 

3308-3302 

WHTAB(l-75) 

MAXWCD 

3383-3457 

COTAB (1-7 5) 

MAXCD 

3458-3532 

3568-3592 

WCOTAB(l-75) 

MAXWCD 

THTHO(l-25) 

NTHRUST ,  ITHRST 

3593-3617 

THDEU(l-25) 

NTHRUST,  ITHRST 

3618-3642 

THDELT(l-25) 

NTHRUST,  ITHRST 

3963 

CC0N 

i0P(2?-6;>) 
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.  Storage  Locations  for  Special  Rmctlonn 


He  luted 


ucxir 

3901 

zmm 

390;' 

ZTURN 

3903 

ZTURN 

3904 

ZTURN 

3905 

ZTURN 

3906 

ZTURN 

3907 

ZTURN 

,3?08 

ZTURN 

3909 

3910 

ZTURN 

ZTURN 

8911 

3912 

ZTURN 

ZTURN 

39  ij 

- 

891 4 

„ 

39:1.91 

101 (7 ) 

39-16 

I0P(8) 

3917 

I0P (9) 

'3918 

I0P  (7) 

8919 

I0P  (8) 

3920 

I0P  (9) 

3901 

ICM,  IQDL 

3922 

IGEH ,  IGDL 

3920+1 

IGDH,  IGDL 

3940 

IGDH,  IGDL 

3941 

I0P{34),  IDBL 

3942 

I0P(35),  IDBI. 

3943 

I0P(36),  IDBL 

3944 

I0P(37) 

3945 

I0P(30) 

3946 

I0P(39) 

3947 

I0p(34) 

3940 

I0p(35) 

3949 

I0P(36) 

3950 

I0P(37) 

3951 

I0P(38) 

3952 

101*  (39) 

3953 

I0P(4) 

Item 

w; -wiF,  ibis 
THEE! -T1IET1F,  deg. 

raa-iwiF,  in. 

RB2-KB1F,  in. 

LAMDA2 -LAMD1P 
LA2-LA1F,  in. 

W2/W1F 

THETA; 

RN2/RN1F 
RB2/R31F 
LAMDAIil/liAMDIF 
LAS /LAI  F 
Wl/VJ ,  lh/fto 

W  1?/VR,  11-/ ft  2 

Velocity  Corridor  Integral  wire 
Deceleration  Corridor  Integral,  ft 
Ballistic  Coefficient  Corridor 
Integral,  lb 
'  IT 

Ve loci ty  Cor  ri dor  Bre u kth  rough 
Altitude,  ft. 

De ce la r a tlon  C or ridor  Bre :i k through 

Altitude,  ft. 

Ballistic  Coefficient  Corridor  Break¬ 
through  Altitude,  ft. 

General  Difference,  1 
General  Difference,  2 
General  Difference,  I 
General  Difference,  20 
Wake  Length  Corridor  Integral  1, 

Meter  e--ft.,  or  db-ft. 

Wake  length  Corridor  Integral  2, 

Meter  -ft,  or  db-ft. 

Wake  length  Corridor  Integral  3, 

Meter '■-ft,  or  db-ft. 

Wake  RCS  Corridor  Integral  1,  Meter-ft, 
Wake  HCS  Corridor  Integral  2,  Meter-ft. 
Wake  RCS  Corridor  Integral  3,  Meter-ft. 
Wake  length  1,  Corridor  Breakthrough 
Altitude,  ft. 

Wake  length  2,  Corridor  Breakthrough 
Altitude,  ft. 

W*ke  Length  3,  Corridor  Breakthrough 
Altitude,  ft. 

Wake  RCS  1  Corridor  Breakthrough 
Altitude,  ft. 

Wake  RCS  2  Corridor  Breakthrough 
Altitude,  ft. 

Wake  RCS  3  Corridor  Breakthrough 
Altitude,  ft. 

Velocity  Effective  new  Integral,  ft. 
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TABLE  J*  (CONTINUED) 


OCCUR  Related 


Code  No. 

Option 

395k 

Wb) 

3955 

I0p(6; 

3956 

I0F(£?8) 

3957 

I0P  29) 

3915® 

I0P  30) 

3959 

I0P  31) 

3960 

I0P  32) 

3961 

I0P(33) 

39& 

I0P{4-6, 28-33) 

3963 

CC0N 

39o9 

XC0M(T-8),  AO0E 

3965 

X0F(4~6,  28-33) 

Item 

Deceleration  Effectiveness  Integral,  ft. 
Belli  a  ti  c  Coe  f  f  1  ele  n  t  Effe  c  ti  ve  no  a  a 

Integral,  ft, 

Wake  Length  1  Effectiveness  Integral,  ft 
Wake  length  «?  Effectiveness  Integral,  ft 
Wake  Length  3  Effectiveness  Integral,  ft 
Wake  RC8  1  Ef fectlveneas  Integral,  ft. 

W  ke  RCG  2.  Effectiveness  Integral,  ft. 
Wake  RC3  3  Effectiveness  Integral,  ft. 
Probability  of  Discrimination 
Wake  Seeding  Design  Variable 

Free  Space  RCS  Difference 

Difference  In  the  Means,  tr;  (Subroutine 
EFFECT) 


0 


'j  INPUT  SYMBOLS  HOT 

INCLUDED 

OH  THE  INPUT  SHEETtt 

SYMBOL 

REFER  TO 

REMARKS 

B 

7P  ijf- 

i  d  llj  > 

For  debugging  only 

IOTA  BL 

F re net  Deck 

Wake  Tables 

EMCTBL 

Preset  Deck 

Wake  Tables 

JSNTABl 

Preset  Deck 

Wake  Tables 

ERWiSL 

Preset  Deck 

Wake  Tables 

ETA  131, 

Preset  IX- c k 

Wake  Tables 

IISTABL 

Preset  Deck 

Wake  Tables 

IPNT 

- 

For  future  use  in  rev 

K 

- 

Future  optimizer  control 

0CCUR 

- 

For  debugging  only 

RSTABL 

P re  Bet  Deck 

Wake  Tables 

THTTBL 

Preset  Deck 

Wake  Tables 

XDTABL 

Preset  Deck 

Wake  Tables 

YDTABL 

Preset  Deck 

Wake  Tables 

2DTABL 

Preset  Deck 

Wake  Tables 

* 


11-63 

* 


I  IlflUWHIHUHI  IP  |IWHIi||ffliWimiwmiWMwiHi«iiii*iNm^^^^^  . . . . 


i  ■  1 1  ■  i  ■  i  »>  n  i  iniHtniMr  i  nm  m  iM<inrni>Mii 


1 H i Him |i»'iii<ii mp  ii i iii|>ii mi  mu  - 


I  IHIIMWIIIIlmNWIHI  IIIHI IIIMUX  Hmiwi  I  l+MHHf  . . „„„ . 


■"iffWi'lWiwMim^  !* 


TABLE  6 


DjEjFTNITIOH  OF  DETAILED  OtfiTUT  QILWITIES 


Translational  Quantities 


t:ime 

a 

v 

GAME 

XR 

beta 


ZTR 


QD 

M1KF 

VDOTQG 

WAP 


TB 

TXT 

irn 

x  n 

PfJIALP 

D/w 


i: 

Mr  ?  I toil  tmta-uiitii  a-iuium 


Flight  time,  seconds 
Altitude ,  feet 

Free -stream  velocity,  ft/sec. 

Flight  path  angle,  degree* 

Dovnrange  component  of  range,  feet 

Ballistic  coefficient,  normally'  W/CLA,  lb/ ft® 
but  see  the  Input  ICW(lO).  1 

Altitude  of  the  beginning  of  transition  from 
laminar  to  turbulent  flow,  feet. 

Free -stream  dynamic  pressure,  lb /ft2. 

Free -stream  Mach  number 

Deceleration  (actually  accele ration ) , g ' s . 

Partial  erlvntive  of  BETA  with  respect 
to  altitude,  normally  lb/ft3. 

Total  thruct  value,  lb. 

Axial  component  of  the  thrust  vector,  lb. 

Cross -range  component  of  range,  feet. 

Azimuth  angle,  degree*. 

Aerodynamic  contribution  to  the  deceleration, 
drag/weight,  g's. 


11-64 


I'll  1 1  It  IIIIII  111  i>ii!i  iliiiiiii  >4111111.  iHiiiiiiui  mi  idit ii imi ihipIimum a i mim ihh  14m < 


TABU:  6  (oont'ct) 


DRAG  QOTTITIBS 


CDF 


CDFTNF(BL, _ ,WB) 


cm 

cwo 

CDHIFfBt,  ,11.) 


C13I 


30M.R 


REXXJfPtA 


XMR1 

aa/p 

CDI/SP 


Total  drag  coefficient  'based  on  bate  area 
(AHEP)  and  free -at  re  a, a  dynamic  pressure,  ’ 

In  the  fairing  region  between  continuum 
and,  non -continuum  flow  regimes,  It  1$  not 
ettuul  to  the  sum  of  the  laminar  flow  terns. 


.FOre body  pressure  drag  including  angle  of 
attack  effects,  if  any, 

Tha  skin  friction  drag  coefficient  corrected 
for  blurs  true  bb  and  blowing  and  Indicating 
either  laminar  or  turbulent  flow  regime. 

Base  drag  coefficient. 

Pressure  dreg,  coefficient  for  wo  angle  of 

attack. 

The  skin  friction  drag  coefficient  wreoted 
for  bluntrseuit  but  not  blowing  and.  Indicating 
either  laminar  or  turbulent  flow  regime. 

Induced  drag  coefficient 

VIbcoue  interaction  parameter 

Free -stream  H«ymaM,e  number  baaed  on 
axial  length. 

Hypersonic  rarefaction  paramo tar 

Induced  pressure  drag  coefficient 

Pressure  induced  skin  friction  dreg 
coefficient 


Transverse  curve tare  induced  drug  coefficient 


THETA 


LAMBDA 


WEBNSr 


mx  (««) 


mot  (some) 
warn 


WtPSB 


qjjrr(raw) 


BLE  6  (coeit'd 


Hose  radius,  incline. 

Cone  half  angle,  degrees. 

Ariel  length  of  vehicle*,  Inches, 

Bluntness  ratio,  RB/RB, 

Reference  area  for  the  drag  coefficient, 
square  feet.  Note  that  the  instantaneous 
Dsrne  radius  In  laches  la  equal  to  12 

IT . 

Instantaneous  weight  of  the  vohlole . 

Total,  etaaog*  In  weight  fro*  Initial  weight. 
The  weight  change  due  to  ablative  h&bg  loan „ 
The  weight  change  do#  to  thrust  hum  loss. 


stagnation  point  aerodynandc  beating, 

SIU/PT  sac. 

Sonic  point  at  .rodynaaio  heating,  HH/FT2  sea 
Koimftli  sed  stagnation  enthalpy 
Stagnation  pressure,  ntnoepberes , 

Pressure  distribution  along  the  body. 

'*S 

Aerodynamic  heating  distribution  along  the 
body,  VK/ffi  a«c. 

M«asJofc«  rate  distribution  along,  the  body, 
LB/Wr  sec. 

Integrated  heating  distribution  along  the 

body,  BrrU/FT2. 

Integrated  stagnation  point  heating, 


I 
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iiiihmmiin  m  i m H hi . . 


Ro  tail  o,i'iaI  Quan  t,l  t  le  b 


PSI-TUEAEJP.PJII 


AUPRXM 


PR,  Q,  SMB,  p,  q,  r 


AIjPKNV 


ITKH4 
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TABLE  t j  (oont 


Euler  an  glen,  degree*, 


Angle  of  attack, 


angular  rates,  rad/sec, 


Envelope  angle  of  attack,  de  greet 


Stability  derivative  of  pitching  moment 
coefficient  with  q. 


Pitching  moment  coefficient. 


Yawing;  moment  coefficient, 


Frequency  of  oscillation,  l/naa, 


Function  Is  equal  to  sero. 


Function  Is  not  equal  to  mm* 


Function  le  undefined. 


Humber  of  application*  of  WWP  ha*  reacted 
LHED  limit 


Optimization  will  continue  with  another  aearth 


Process  will  stop  with  either  a  nom-aero  function 
or  «n  undefined  function'  (at*  EBIIM  ntoovi?) 


Konual  completion  in  trajectory  IntmgtmtKm 


/xow  Q  hart  of  Function  El  valuator 


TNOJ 


«  ft 
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F/gsr  y^e/4 Si 


&£)£.-*  f /v' £53 SJ/'  'f  /  7^.^a>Jj.'?  7^! 


. « . . 1 . . . . . . . . . . . . . . . 
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tl-ll 


fft 
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AFFEKtCX  I 


MOTOR  IKPOT  SHEETS 


.MO 

.('*)  *Lf  ED _ 


I 

M 


CMGlTAt  CttMTUTtt  WFVT 
VMWflXT  POfttt 


continuation  win 
'«i  or  mcts 


(»i  _ (»}  C*I  R.  E  F 

_ 6)  (t  ft)  EU> 

- 1*>)  to _ (pi)  FAC 

— to  (3) _ (oi)  n em 

_ M  1 4) _ MO 


**<*>£ 

•iph5F~ 


(rt  %^pr _ («) 


UMIT 

ICC 


WR.F 


5TH1LT  (1-^1 


RTiajfcl  II 


IDBI _ n: 

PFD _ If* 


(£e) 

(77) 
A  A  (io^  _ 

(lO _ 

(*). 


A*U) _ (f>) 

(*) _ w 

(4) _ 4') 

ses(t)- _ (») 

KPlTCD  |SP 
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SIT  kl  CQMPUYCI  mm 
tfQWIT  pork 


WBB’CK . 

iiliSMSw  W*. 

jg  qltS 

CONTIMUATKW  SHCCT 

PAM  OP  Pi 


BCfJ. 

B2I  _ 

0  C#*'#  ^ 

tc4&„ 


.(i4 

.(•WX 

M 

ii»o) 

..(aZS) 

U.o) 


(«4 


_ (aiiT  rtm/iwr) 

D 6 LvJ K . . .,.—(0.0 j  in,,') 

pmchem  __ _ (o,o  wriaA 

END _ (o) 

_ (o.<#o4I  Ifc/tf) 

RHfW. _ (IIS.  \iiW) 

RJO _ (S.47SES  4t)M 

rAfcl _ (jcoo,  *K.) 

c^wbN _ (A44) 

(to) _ (1.1) 

(63) _ (4.4E16) 

«4) _ (ox>) 

(10, _ &,1Z<|4£W} 

(ns!) _ (to  mt) 

(IK) _ (l.oe-to) 

(131) _ (o.u) 

Clto) _ Oaio) 

:dbi - (4)  *t4>p(  ) _ (  1 

:WAkE _ £«.)  w stjut _ (« 


M _ _ {m 

(47) _ JftS) 

(fs) _ (1.0) 

(to _ M 

(Ft _ M 


-.(94  oWi 
— (o>di 
JlMS) 

-iftS) 


(ti) _ (ao)  BEeRijL 

W) _ (w)  B4 _ 

(it. _ (|.o>  B3_ 

fa) - M  gTUeil. 

(M _ 0.0)  8B+_ 

<«, _ M  CNUMB 

jl  0 _ (o») 

(III) _ <|.o) 

(ltd _ M  i 

M _ M  i 

M _ M  M_ 

M _ M  *TMM_ 

M _ (J4  "NSTWL 

fcl—iert  EMUS. 

_ HO 

I - O-ol  CNE_ 

0*1 _ M  MB_ 

Oil) - !p4  MBia 


PACES 


OMWifjw) _ .(jo) 

m _ jp.o) 

m 1 _ 4# 

Oawjt _ ,(o4 

(/<4) _ bo4 

QfcQ  fet4 

W) _ O) 

&E£R^ _ (5;*e-Z|) 

BE _ (4,oe:-/o) 

B3 _ M 

BT^ti _ (l.o) 

B24.  (IM-ZL) 

CkUWB(i)__ZZ(o,o4 

(i) _ (5.o) 

(U _ Q4 

tt) _ (p*>) 

(IE) _ &S) 

5X _ (SOD) 

muz _ (4 

H5TWL _ (/oc) 

tNtiS - _(?.o£//) 


.(  ) - (  )- 

)  *rWPRMT_ 


MB* 

X3B. 


FK^l_ 

I 


•Hw8  eft) 

#,*  iMl  IriMM  .J  .1111?%  > 


I 


•'  '•  iii'i.u.  . .  ZS4z  | •  •  ••  • 

i  |„n,. 


y's.t  iii  i 


wvm  itt  CAM) 


*m4»d£ _ (s)  *r  R.tF. 

Pill  i,t  c&rrafrs 


^MDEC^y' _ 0)  *ND/CH. 


(10000.0  ft.)  Initial  altitude  Increment. 


y»BAH _ (-1.0  E  h  ft.)  Altitude  for  lncrkiemt  dartre. 

EPB2 _ _  (ft>)  Se'c.ond  latitude  increment. 

PROGRAM 

TST _ (100. 0  see.)  ZST _  (0.0  ft.)  AIBT__ 


TKMrXn^nY  JlTOfS 
itfpr* _ 


■  0  Rotational  Trajectory 

■  1  Particle  Trajectory 

"  2  Simplified  Ancle  of  Attack  Trujcctory 


OAMJO 


(0.0  ft.)  TO 


(deg.)  VO_ 
_  (Bee.) 


(ft/rr;c) 


TKZli 


(ft.)  If  >0.0  override*  calculated  tranaltlon  altltudi 


If  L(!l)T»  «  2 


THEALO 


(deg.)  TBC#N 


(2.0  BCC.) 


If  L&¥1'*  ■=  0 


TCHIT  1.0  )>-« 


(rod/ see)  QO _ 

(<,<'g.)  ’  THEALO  ■ 

(aec.)  TEC^N  1,0  D-‘ 


(rad/ see)  8MR0 _ (rad/iec) 


(deg.)  PHIO _ (dog.) 

(see.) 


!  *P0i'^***  1#  Pre-Bet  values  and  required  unite  for  dimensional  quantltlea  niv 

Indicated  In  parentheaeB. 


2.  ■  Starred  quantltlea  are  Input  with  no  decimal  point;  all  olhor  In¬ 
puts  require  decimal  points. 


knit 


iBBUJimifT 


nmiiM  -'•i"  re 


. . . . Mm . . . II . . . ill . , . twmuuuu*, 


I  ll|<H  1 1 1 II II I  Hi  hi  . . nut . . 


. . . . . . . . . . . . . . . . . . . 


. . .  mi  mi 'i  I  mi  . . . 


.*l(<h'Al  COM  :  i -uv  I' . V1--  *-•  . -: 


i!L*in;av  kj;;u 


con  thuja  non  i.ii  i  i 

01“  J'AO! 


”  1  Input  W,  Iffl,  stn,  Hid  -mi' I1  A, 

•  2  VI,  Its),  'li  v.VA,  urirl  }/:•:, jA, 

*  3  Input  W,  )«,  HU,  hiul  I  A. 


3  f  >  0  Snfxit  c  CJf}INI_ 


yl - „ - - - ■  Ob.)  mi  _ _ _  (in 

Tilf-'i’Al _ _ _  {atfjj,)  lAf-mAl _  _____ 

for  MXTAH]  »»  I  emit  TAMM;  for  MKTAK  -  J  omit  TABS5 , 
MR'AHl* (1)  Number  of  table  entrlc 


....  COuf  i  J;  ,  (nmi(  <■ ' -i  * 

<in->  t®1'- _ _ _ . _  (In.) 

wr„ _ _ _ ,  (Jr,.) 


MK’Airti* 


Number  of  table  entries  -  maximum  of  to. 


J'S’?. — Ifld. - SSl'lL. - - Will  (l.slur,  -  ft2 ) . TAB]: XI  1 1 .slur:  - 

* ■  wmwwwwimM.d-nii  jrnii  llm  «kmmm  h.i.iM,#*  wb>m  I*w1«Ii.hh*Hmiii«i.||  Him ,  H  i,  imimm^i 


]i  Uie  option  for  d 1 neon  t* nuoun , change  In  geowirjr  1«  cxoreiattl,  ITOHd  >  0 
nil  qurvntl llco  corrtBpanftlOB  to  the  selected  KCB0M,  1KCNIQ  must  bo  input. 


Mi, _ 

tmm\ 

TMKW  ( 


{-1*0  ft,)  Altitude  at  vhleh  confleumion  dj«£;jj,c. 

(lb,)  _ _  (m.)  KS2 _ _ _  (!„,), 

(deg.)  mm2 — -  LA0 _ (la,) 

(1)  CMQJItt 


<nuua&, 


USB  *f  *r  kttBKB* 

if  mm  >  o#  input  maim  w*  fte, 

* 

mm* 


(o)  «Mr» 

ft)  _ _  (moi»A> 


. . . . . .  0)  fit. 

In.  6*  1  1  **  *»  c*r'MJn  MniwAI*  t«  %  inpot  rwwrlnl 


rmt 

c 


jmn  «»n. 


S' 

■ . . . ♦'ft!  MklltKpli«r  o*  nkmr«  (wiirt  JtMiiJimi  iIwwIum  <#i»r  Mip 

,  „  o(  *  differ™  <  Mitawiil  If  nhi  mm  wiWKetow 

HNWI  mm  lira*  id*ii*«er:t«ii|,*i*t  iHn*  mmirti  4*tni  H 

MiM.1... .  *  'H.NIWiifiMl.^kiiiiHk.iiikip.k.  I 'mlnira  ||j|i|||iii,|y.L|.|jj„ui  _  * 


11  III 

hi  1  M  i  !  N. 

■him 

IB 

,  # , , ,  f  . . . .  I  Mill  III  II  *  Ifliwi  mil  Ml . . . .  1 . 


. . . . mill  II  ilBIMII  IIIIMII  I’HII  ll  HI  III  HlMMI  Bill  H> 1  . . . 


. I . .  Hill  INHI  lh  I . « . 


. . - . .tiiiaxvi  «r  •piowr  "jt^TioH 

uiciYAi  cov-wisa 

WRUJii'f  |  T-SArt*  t . . — . — l - — — 


COhhiiu.’.iio;i  t.ii  1 1 


HO'ffiW 


.  Jt 
wtm  ' 


Tsr  ~<v~  or 


I 

"^tOtRl 


cdp  +cdb  vo- Cd* va' 7* 


-xovu  r  “  - 

HPt*T(S)-  1  beta  Vi.  Z-,  V,  »  WE,  Z>  % 

for  A  «  0  qBtftg  t 

F”  **  0  W  W  V  V*' 1 

WUtftW*  A  ©C|»uV6*  *  *  . 

i  «.»  1 1.  <*  -*»'  “■  wMU  occunlI)  “  “ 

WWWW  plotted  vs.  tit*  ■  _  , 

’  Enter  *cro  to  omit  a  wit  i-f* 


itatk*_ 


ifilKT* 


|^g|_OiTIO» 


to)  “  0  Ho  tape  .  . 

-  *  1  500  value*  aW"  01 

are  stored  on  t»P* 


0{  the  quantities  Vy<J*  a™1 


.  tmjsam  ,  K 

(l)  .  0  .HO  printed  output,  hut  plot.  a«l  W  rtlU 

-  ,  PHnlirtjtput  t*m*t**i- 


CAPO 


(«*)'  'ft.. 


MH _ 


I|WWIHM4IWWHHHWWWHWH^ 


ni.nt ft *  sw*w»» 

mm- 

<1.5  «n*»tir«**>  «L- - 


liitt  , 

.<»•>  ,,W 


IMMHH  **’  O*  m*- 


!»«•►«  I 


•  •  Mill  II 


U)  *LfL.$T. 


r  —  —■*——« 

O  WIT  At  COMMIT!*  INPUT 

ItUtavtH  TMtk'5  SS. 

WC'tl'OH  NO 

continuation  imeet 

. !yyr  . 

ZS4L 

Lmmmmmmmmmmm—m  ,  III  ,.  . . . . W* 

iuci  op  »**rn 

CASE  _ _ _  _ _  NDVCH* 

H - Z - 1 - - - — 


S'OdfcOf* 

DVL 

DVH 

t 

j 

!  ,  . 

r"' . . . . 

\  | 

■1 

*X4P  ('<-) 
*T4>P(ty 
fxi>?  («) 


iWP 


ii  llllili  II  n  ii  ll  ii  m  n  1 1  ( II 1 1  llm  1 1  ii  l  n  iiiiii  ml  mi  ii  mu  min  ii  mmii  min  imi  11  mm  n  mi  nm  hi  ihhiih-  mi  i  mu  ihhih  i  mni  i  n  n  ml  iihII  till  I II  I*  I  III  I II  Will  M II II II  111  Hli  lluli  nil  l  iiiiihi  i  iiii  h  w  n  m  i  mi  mi  ittimmuimi  hi  w  h  mi  ■■■  m  ■  ■  <  i 


i  •  i « 1 1 1 1 1  hi  mu  iiihI  llliillHlIllll  IlHllHNi'IIIMIIIIlIHllHIII'IHnllll  I  ll  l  ill  1 111 1  ii  ii 'i  lii  iiii  ill  I  ll  II  ii  111  ill  iiml  mi  ii  muiiiiiuiiimiiii. 


i»«*t 


neitM,  iwtir  komii 

itiifrifTB — 

RIOUC1T  MUM 

“  IP  ™llr  Ii  ^  HPnPflilliiPffl 

1  €3 KLL  ''ll 

MnJhXKL.in.aM 

mi  I  W»Q  iw  . 


wmmw 


CMYimiiA'WiH  M«cr 

*«t  Of 


_ _ M  11  >  o  amw  wab  (w),  ennui  (mx,  rs) 

_ _ M  *r  >  o  now  mm  in),  hcbeab  to  it 

******  »  Cjj  op  TO  COMB  (tax,  ?|>) 

***** _ JHT  FJEfYHEHCE  AREA  FOB  WOMB 


mm*. _ (0)  -  0  m  Thruat 

«  1  BUD  va»  TOTS12. 

-  2  «tt.  HUfflO  v».  TKnBflT 


mini 

'III  m 

(It) 

tin 

(It) 

IBP 

(1.0  SiC) 

MDEBt 

(ran) 

MU 

(a) 

rmrar* 


T#» _ _ _ 

OR 

TtfFP 

AE _ (Iff*1)  WO, _ _ 

milt  (mo) 

irtu,  (iii) 

(10.  or  TABU  BPPKIB-M*!.  tjji) 


Xwtt cut*  tha  Appropriat*  Faraaettn 


Ill'lil  in  i||  |i  in  mi  ii 


. . 1 . Ill!i|:| . 11 .  111 .  ll|l|l!IMI1111  111,1,111 . . . . .  . . . 1 . Ill-  II . . .  Eijit  IMMli  . . . . . . . . . . 


At  COMPUTE*!  wtoy 
MOUIVT  HJilM 


ZS4& 


OTW»"tT" 


CONTINUE  TPflM  VHI>  I  i 
•"MM!  1*4  l*'j 


tMHJ'  I!  ANCLE  OF . ATTACK 

I-  (»r  tin*'  with  L . 0FT  *  1  l*aj«c Kory  option;  U  tNALPft  >  0  with  L0IPT  *  0  or  l 

ALPHA  option  override*  arid  rotational  cdkuUtiMMi  art  not  p*rform*d« 


S/x  iL-PH11"  _  (0)  Numbor  of  valua*  in  th«  input  *ng l«  of  attar  k 

table;  v*la«  greater  then  aero  trigger*  unc  of  inpuil 
table;  maximum  ot  7S  valuf*  nUnwidl. 


HTAB  Ut. 


ALPTAB  (4«|na««| 


,  . . . . .  ihiii  u»i  until  . . . . 


Dll  »«iaaA-{ll|l<l  lie'll  n  1 1  It  1 1 1 1 H IIIHIIH  . . Ill  iliilllll  llll  IH  . . Illl  II  mil  I  HUM . i . . 


iiililiH4lhliliHII|ilin . 


©Hit .  COMRITIN  tMfUT 

n«mi  poim 


fi'iK'JitU  i  m  Nit  Mi'W  ml'. 

43  THIN  Mi 

CtWTlMUA  H<  H  Mi 

2542.  i 

t*  ACME  In 

1  'MHIH+NAMI  m  i  M I  ■■  I  IH<  >11  llJ.M»H«lll*4|ll  Ill'll  II  UH'  IHH 

INPUT  MATERIAL  PH  OPE  RUES 

If  th*  iruHi#rlMl  immb«p  dt ■  6,  input  thn  hat  <rf  mat* rial  prop*  rife# 
oitrrrt  ponding  to  ih*  configuration,  Both  *<it«  of  Input  prop*rtln»  mmy  h«:  utn! 

•'it  the  name  tint*. 


li  MATLNl  ■  6  input: 

11  M.ATUN2  ■  6,  Input: 

HFTAll 

Au 

BET'AU 

UFTA.il 

f  l,r  ft/ «■*«■) 

BE  TAJ!  2 

BFTA1I 

_  ( dim*  tin  look  *« ! 

BE  TAJ  & 

BETA41 

.  ('0,R  > 

BETA42 

CP21 

(Btu/lbm/°R) 

CP22 

CFQ'I 

llnuAbm/°Rl 

cpgi 

MS  LHC  1 

(Biu/lbm ) 

DELIHC2 

MLKMl 

Ubm/ft*) 

OELRHJt 

BPlilL 1 

(dir.ientionkt#) 

luJrnStltiiMiw 

n 

(dim«?rr»knk#*> 

r* 

Hi  JSI"  1  tt  _ 

(dimentionk**  > 

HREF2 

NOLI 

(dimcn#ionle*«t 

NGU 

fffP1  *■  * 


l 


I 


II 


« 


(dimen*ion)c**i 


NOT! 


. . . . mimuHMIMI  ilHHIIIHHIHIIillNIIIlDHtttHIIHI  HHlHMH  I H  H  llll  1 1  h  Ilf  I  tMI14  Hfi  ■  ■  1 1  m  m  1 1 1  *^l  mi . 


MM mi  i  II  Hlll'i  II  . .  1 1 1 1 1 1 1 1 1 1 1  mu . 


rC 


WWTAl  COtiirUTII*  ww 

|lWJ:!iBIfH”i5K"  1351*1  A  W 

""TOBW  Hf  I 

CONI r»HN»Ui*,  HMnniM  "IhH*  i|  1 

WQHJI41  ipO#M 

2541-  j 

«",*«  a  II  piw 

il 


IN  PI?  T  A  T  M08PHER  E  OPTION 

For  UK.C-  with  «U  option*  tmctpt  L0P7  *  4  (input  wind  tunnel  conditional;;  If  u»«! 
wnl>  L®PT  *  I,  wind  tunnel  condition*  override  lit*  Input  Atrm>*pli«ir«, 

lATMCW'*^ _ W  II  >  0  u*f  input  atmonphwrn  for  UPSNDZ  Jt  f,  > 

DNBNDZ,  And.  itandtrd  atmosphere  for  Z  out*  Ida 
thJ»  rango.  UaKimmm  of  50  vaIimi*  «ll,owf4. 

UP  M  OZ - (ao  fl)  DH&tfDZ.  _ _ (ft*  H) 

SI*INQTE**'*  Table  must  be  input  with  lowest  value  of  Altitude  first. 


Till  AT  MZ  lit,  l 


TAB  ft,  H0 


TABSHD  (ft/a«d 


BEILIN 

CHICHI  I) 

^  {-2000,  ft)  Maximum  allowable  value  lor  dnlu  r>i 
Integration  in  altitude.  The  minimum  U  sn-i  inhul. 

program  *•  one  foot, 

CD0WNU) 

CHICHI  21 

CD0WN{  2) 

CHICHI  II 

. . .  CD0WM31 

CHIGHH 1 

CO0WNI4) 

CHICHI  1) 

CD0WMM 

CHlCHlh) 

. .  CD0WNIOI 

CHICHI  1 ) 

CD0WN{7) 

cHiomsi 

.  CD0WN18) 

CHICHPI 

. . .  CD0WM4) 

CHICHI  10) 

...  ,  .....  CDOWNM0I 

chichi  1 1). 

CD0W  N1U) 

chichi  m 

.  CD0WNU2) 

CHICHI  13) 

CD0WN(1J; 

CHICHI 141 

.  CD0WNIU) 

CKKMOlfl 

CD0WNU5) 

CHIGHMbi 

CD0WNU4) 

All  tlMi  CMCW'i  art  praaet  to  1,  GD-a  juvd  all  th«  CD0WN"*  to  1,  0D-  M  th* 
•Iwioluit*  value  of  the  quantity  b«mg  integrated  U  U ,v«  than  or  m«i1  to  1,  then 
UPBMDCNil  *  CHICK NJ  and  DMBNO(N)  •  CD0WNIN).  ,11  th*  absolute  value, 
TIC, MIN!  1b  greater  than  I,  then  tJPSNEXN)  *  CHIGHI N}  x  TEM(N)  and 
DKItNCKN»  «  CDtWMW  x  TCMtHI, 


UFBNOt 


tbt  upper  bound  on  abiok.tr  differ  *«*  that  !■  allowed  betwovn 
th*  extrapolated  *»d  interpolated  value*.  11  thia  bound  i« 
tli&BlflAl'  ‘be  difference,  th#  delta  of  integration  i*  reduced 

am  the  tetegratton  retrf  d. 


ONBMOl 


Th*  lower  bound  on  abaolutr  dMfaranct  that  i«  allowed  between  th 

extrapolated  and  interpolated  valuta.  M  thia  hound  jgflejMll  «h* 
difference,  th*  delta  of  integration  la  increaaed  anti  integration 
:!•  MwM  on. 


W  "  W«iur  ^  W ABLATIO^  WTH 


W 


IM1TI A  ■ 


-^W» 


i1,  'WHi  mm'  mm1  hi . . . . 


. hi  i<Hiillllllllllllil|||l|iMIMItHIII!  lllHHltHK  IM '  MHIMHM#tf  . . . . . . .  II IIHI  ihmii  « HIIMI NI-II-HHIHII  milk  UK  dlH|#--llll  « 


I 


* 


■N 


J7 


mu  jm::i  l-#M> 
«■** 


DIGITAL  COMPUTER  INPUT 
1. RUDEST  FORM 

I»  NOR  111,  IU  NO,  2,  5"*4'2, 

WNOSNAMMent 

Til  r  L *i ii 

MEMO . WO",,  . . 

HtCTIQN  WO, 

eons  osoi*  wo. 

■  £}•  UlK  ONLY) 

Stouts***  *v: 

if  «i  »r 

Ini  i 

tit.  rmt 

see*  op  M*ti 

WIND  TUNNEL  CONDITIONS  INPUT 

Drag  calculations  are  made  lor  the  specified  geometry  under  the  condition* 
indicated  by  each  set  of  tabular  inputs.  Maas  loss  effects  may  be  included*  WT2 
Is  an  artificial  altitude  input  which  is  tested  against  the  transition  altitude,  either 
Input  or  calculated,  to  indicate  whether  calculation  is  to  be  made  'using  laminar 
or  turbulent  flow  equations  when  the  XBAR  and  XBAR1  test®  indicate  continuum, 
flow  regime.  *********  NOTE*1*********  Plotting,  input  drag,  Input 

atmospheres,  thrust,  and  tape  options  may  not  be  used.  Input  material  option 
may  be  used.  Cases  using  this  option  may  be  stacked  with  those  of  other  option®. 


MEM® 

CASE 

DATE 

H  . 

L®PT*.  4 

MX  TAB  l*  1 

i 

NGE0M* 

(1) 

■*  1  Input  W,  Rn, 

Rb,  Theta 

■  2  Input  W,  Rb, 
*  3  Input  W,  Rn, 

Theta,  Lambda 

Rb,  La 

W1 

(lb) 

RN1 

(in. ) 

RBI 

THETA 1 

(deg) 

LAMDAl 

LAl 

^  (to*'! 

TXCCDl  0. 0 

TABU  1, 0 

(slug -ft 

2)  TAB  IX 1  1.0 

Mass  loss  option  i«  used  only  to  obtain  rin  and  Tlf .  for  use  4n  skin  friction  d:r 
coefficient  and  base  drag  coefficient,  respectively. 

M0PT* 

MHEAT* 

(0) 

TWST 

_(580.°R) 

MATLN1* 

__(D 

TWl 

(1200,  °| 

>  v  TIN  IT 

f  A  m  4(  ^ 

_(500.°R] 

TR.2TR 

(0.  Oft) 

XUP 

_(6.0) 

XL0W 

(4.0) 

XlOP 

(0,4) 

XI  LOW 

_ (0.2) 

IM* 


11  Will!  I  ill1  H  I1  l|l|i|llllillllllllllll|l'||||||i|||iiiii|l|i  . . mi,  m 


. . . . . . . 


<MiO  ih'lNMM 
*■  *  Wi 


. . I . HI  'INI  II  ll  H  III  >11 H 1 1 1 1 4 1 II  ll  ft  II  Ml  I  llll  lintlillHllltal.  lull  .IH I  N||i  |  M I  PI 


mcital  oomputk*  mtut 

RMMtlT  fOWM 

SB!  isw fiwir'iJirp®  sr 


l*«*»l,»ll#  IHO'I 


1JT4X 


»  M0«Mt  AMNMKM I 


.1. 


T|T»,irTRll«ii”ir 

VI9991TV!  *' 

wrfir . . 

;!i 

P*Mf  (M 


INPUT 


TRAJECTORY  OP  now 


Dr»g  calculation.*  are  made  for  the  geometry  uadi  flight  camdkti«i»,n  aprclfMi 

ujich  met  oT  tabular  input*,  Mu*  Ion*  ilficti  may  toe  iiKimided,,  TAA . 1 1, 

altitude,  i«  teated  againai  lb*  traneltkm  altitude,  either  input  or  calculated, 
to  Indie  atm  whether  calculation  la  to  ba  'mart*  uemg  laminar  or  turbulent  How 
aquation*  whan  the  XBAJR  and  XBAJtl  tee  t#  lad  teat*  continuum  Clow  reglniMu 

lN|l,*##l  NOTE  *****  Plotting . input  dr**,  threat.  wild 

tapti  option*  may  not  be  uaed  In  conjunctlea  with  ihi*  option.  Input  malarial 
and  Input  atmoapbera  op  lion  a  may  be  uaed*  Cana*  uvlng  thl«  option  mail1  to* 
stacked  with  those  of  other  option** 


mem® 


CASE 


DATE 


H 


,UW*T* 


MX  TAB  .f 


1 


m4q€ 


0)  '•  1  input  w,  Ra,  ftto,  and  T hot* 

•  2  Input  W,  Rb,  Theta,  and  Lambda. 

*  21  Input  W,  Ra,  Kb,  amt  La 


HurAtion  at  Jir«t  mlfttede 


Wl 


'(lb.  1  RN  i 


'THETA  I 


(deg. }  LAMB  A 1 


(In. }  *»». 

LA  l 


TXCGPI  Q.  0 


TA  8 1 1  1*0  ( •  lug* 


TAB1X1  1,0 


a  * « *  *  Q'T  IE;*  **'*.* 

by  tha  NK3E0M  coda, 


All  appropriate  configuration.  parameter*,:  a* 
nui,t  b*  Input. 


Rn.  LaatMa,  and  La  art  changed  'with  altitude  by  inpuitimi  farlittoii  Im  ' 
Both  TRAJHN  and  TRAJW  mult  be  input  In  addition  to  the  MCMM  ap,r 
Cor  eh, ape  and  weight*  f 


MAae  loo  a  option  Is  need  only  to  obtain  m  and  W  for  uer  In  eklo  ftMm 
drag  coefficient  and  ba  a  a  drag  coefficient,  reepec lively. 


contwuanom  iMfrf 


mw.  IWV.W.ili  liSi'MV  1S4Z 

»!(",( !ir;K  iwim  IlHUi 


I  J.'HfcC,*  *  MMl  »M 


1 11 1  m*  w,  I iii ini.  twin  ijjm  ro, 


mo  uu  [i.m,  1 1  sm .  n *mi 


"/.*■«  /  (i  f$, 


•I/JttKG  CAW) 

ii  '-1111111111111  ihW'Hh  iMHii i-imJhi  ii  mwwHrt-wWK 


. . . t.Q  _ _ _ _ _  CASE  /,  O _ _  MtE "  10,  07 

1  MM&  ry  gMMFig1  ?K^EUMg>,  ZeetiT&V  VCHICLF _ 

>4406 _ {»)  ***** _ 0)  **1060** _ 0)  *ND*CM - 0) 

ISIELSML &  'tiPRTUT  ,o_ 

VKi  _ (10000.0  ft, 3  Initial  altitude  Increment. 

mu  (-1.0  I  *i  ft.}  Altitude  far  incnena: -t  change. 


Bc'epnA  altitude  increment. 


(100.0'  we.)  EJK 


>.0  (0.0  ft.)  AWT 


iti'Ptrw 

irtra*. _ 


*  0  Ho-UUanul  Trajectory 

*  1  Parti ole  Trajectory ' 

m  2  Simplified  Angle  of  Attack  Trajectory 


mil 


l»0  (ft.)".  QAMBO  -ZO.O  (dog.)  'VO  23000.1  (ft/ncc) 

^  (0.0  ft.)  TO,  (ecc.) 

(ft.)  ic  >0.0  overrides  calculated  transit  ion  altitude 


IT  MB*  *  m  a 


(deg.)  TKC#_ 


(2,0  *cc.) 


If  Ufl»  «  0 


WKW  LO  II- 


Crod/iee)  00 
(deft.)  *  TKIAW, 

l  |<M< 

(m«»)  Tir^!_ 


(rAd/ete)  BMBO  (rt  l/awrc ) 

(dog.)  WHO  (dec,.) 

(e*c , ) 


{*#*  I,  Vra-iMt  wAmh  end  required  unite  for  aiMMtoiwl  quantities  arc 
Indicated  In  pmntNMM* . 


If  4  BtMlftft  paMitU  AM  Input  with  no  decimal  paint]  «U  other  in- 
fWto  rtfitlfi  point*. 


1:1111  lllllll  II 


ntirrtttiti  I ;  ir*itrtiTrrrnirmir" 


lin H Eiiil Ihtfei HHIIIIUIhiMiU HI uj ti .. , iu, ,  ■■  i.iuimiliiilllUU 

if  44  4M  1  M 


. . . . . . . . . . . . . . . . . . . . . . . . mm . .nun . 


. I . II . . 


niMVAi.  com;u)v:i:!  iii'OV 

lUif.lDKV  l-UJM 


'U.;,i  I  ..I  i;c>, 

*S43L 


S..CUOH  Ml. 


coitiitui/i  rion  t,  ii  1 1 
raoe  Z.  of  fJ  i -At,. s 


KOiv.ti* 

«  1  Input  11,  UK,  km, 
*  2  Input  K,  KB,  l'K 
(X)  '“3  Input  W,  UN,  KB, 

If  >  0  input  CM1) INI _ _ 

wi  S'OO,  0 

q 

•  (lb.)  Kill  t.O  (in. 

TlliTAl  i  •  0 

(deg.)  IAMDA1 

for  MX')' AW  *  1  n 

lit  T At 7.1 ;  for  MXTAF2  *  1  omit  TABZ2 , 

HKTAlll* 

(l)  Number  of  table  entries 

__  First  coiif  i j* ,  iupm  i 

R»r _ tJTtp  (jw.) 

_ _  .  (in.) 


nm _ (ft. 


TABU  a..slup,  -  ft2)  TAB1.XI  ( 1  .r.lup,  - 


Jf  the  option  for  discontinuous, change:  in  geometry  is  exercised,  ZTU1U!  >  0, 
ell  quantities  corresponding  to  the  selected  NGEjfcl,  1KCMQ  must  be  input. 


mildly 

_ 

TiliTAS^ 
KWABS*. 
TA1JW  I 


(»1.0  ft.)  Altitude,  at  which  configuration  changes. 

(lb.)  RN2 _ _  (in.)  RB2 _ 

(deg.)  LAMDA2 _  '  Mg 

(1)  CMQ1N2 _ _ 

* 

- «4i »&aj£x — _ 


vm  was 

K$T* 


KfflT*  /  ImbaT* 

MATIAi* _ 

Jf  rniK!  >  0,  Input  MAT II! 2  and  Tfe. 

MKttM* 


(0)  ifetffr*  .  / 

(1)  fWl  4060*0  (1200.  “K) 


(i)  wa 


fbi  Kate  rial  number  values  for  built-in  properties  are  os  follows  j  TJtNlOJI  I#  1,,  W 
111  J,  mm  is  3,  Phenolic  Ifylon  is  >ff  Carbon  Phenolic  is  5,  input  natcHal 

1 1®  0  >1 


m wr 


.tflritt  *»»w 


(500,0*H) 


(1.0)  Multiplier  on  stag,  point  hosting;  simulate*  M*n . t'fpi 

of  «  different  ante rial  by  ofangtng  the 

sod  mass  loss  shorocterl sties;  the  enrrort  qsitig  if 


,  printed  In  output. 

SHS4WI  '»w s  mv*  Sh*11***' . ssiNhwH  I>y >w  iH*iHit»iwsnsw»lsS»i  lew-wtOi gw  mf  *1  pH> « 


11-109 


TrriTrrini*nir^"TT’  r  n  n . eminiimimrr 


*«•»  !0  (i) 


ii|imiiniiiiiii>  miiiiiiii  1 1 1 1 h i ii i  ■ 


I  ii  1 1 1 1  n  ii  i  ii  ii  h  i  in  1 1 1 1  in  ih4 1  im  1 1  imu . .  i  hmii 


. . mm  . . . mini  in m I I'lm i' hin  i mi iiiH |ii imiiii pin ii i ii *11  ii 1 1 


iii(fj./,i.  CO: i/HV 


,'UV 


lit 


m  *' i,i, iii  i  it  M>, 

M4L 

r  ~ 

iti  ii.  ;i  tt'it  n.  i,i 

!  M  ,H  „  ,H  »IHH  .mnM 

U  1  «•>«*(  *»«*  HIHMW  '«*'  ►H'+H  ■vM  1 1*. . 

•  •  . . .  1  M  Mil  >11,11  K . . 

CO«l iniiMifH,  ■ . 

S""  d,  /3  1/ 


mvtfn* . JSL. . . . _  0) 


•*  )  Input  Ii,  RM,  II",  i'm 'ii  'till '.i1  A. 
*  ?  Input  W,  Hi',  %:  uii'l  >.f 

«  3  Input  W,  HH,  KH„  hwI  (A. 


IUH . . . „  If  >  0  Input  *m  CW'ilNl _ _ _  twiflfc.  input  . ' 

WJ . . J3t2ji.fi . . •  UM  Hia . - . Q'L _  <in.)  mi . . . .  (1,1.) 

fli'nm  i,  _ _ _ _  (*o  a  *  >  _ _ _ _  u  i . _  _ ( }  B ,  j 

for  WAN  »»  l  <hU  TMftlj  for  HOUK  «-■  1  ontt  MB*. 

.  ,  (1)  Humber  of  table  antritis  -  naxltim  of  jiCh 


null  H'lHIINI  Mill  Ml  MIM4M-IWW' 


r.  - 


I 


If  ttas  optic©  far  d l noontinuoua . change  In  go ©retry  iw  e»  reined,  JSTUHt:  >  o, 
»  *11  gwtntHlnn  ciori'ittapaurtln,!  to  tto  aeiected  MCRipfal,  uca#)  mmt  t*  input. 


'■linn 

(-1,0 

ft.)  A1  tltude  at  which  configuration  clwr.^ic. 

W2  (in.)  KBS 

Ml 

_ (lb,) 

flliliMt 

. . .  (deg.) 

wow  im 

««««»" 

. . .  (1) 

CMQJN?. 

jfJStUaa - mm - aao«»wuaiix _ anajjuuu^uo!} 


Hi' 


* 


* 


^-lW.Wll|>|llltl, 11,11,11  |||I|||^|^IIMI(  |MII, I 


HNH4HH*MM«MMI . . 


^WW^wiiiniiHiMWIiiiiiMiwH^inWaii^il^lliWilInlliil  l#HU#IWHtHiUUOHOItHWIIMU 


I mm* 


(o) 


mnm* 


(i)  wi, 


If  HNWI  >  0#  Input  Mim  MA  1ft?* 

M 

MWfWRS* 


0)  m 


;°k) 


notorial  mintf  nhM*  for  tollt-ln  projwrtle*  aw  m  folltAu  fmiCW  la  1 ,  WH 
Ip  0M<  U  1,  FkMMlla  Ijflou  la  fc,  Carl  m  1*  %  input  noterM.  f<»i' . .'Hr*, 

ill'll  M'ii 


tmr 

t . 


m  *nn«. 


hi  i|n  W INH  HM4H"  HI  •m  <  i,i  HwHi  .*»«  i|(M»HiH>I'hH  HUM*! 


(1,01  Multiplier  p«*  atom  point  tooting |  »t  mi  loir*  twih"  Up 
at  •  dll  (mot  mUMfUl  bjr  atoaglng  the  none  ■©©.vial©* 
an4  *****  I©**  ahi»r*etar'l**tiif*t  tto  car  real,  gotuH  lm 
jwlMod  iw  output. 


i-i*  mwM  i  "W"1*.'  *■  *-*miH*l*— --IWiifc* ,  ilW  N'|IIWlOlllt>t*W«miiil  Wl  I IHHHH  WMM'HMi<NiIMH4H  i<ihi  i# 


I P— TO® 


J!  muFIl 


HtUHHil M Wli IW milHllMlh, *  rih“  iHl#WM*IIIIMHH»l»»Mlllllll»lll»»«IHiHI»i|»iMrtiMHWMIIHI»llliMiHMMHi<ni|miiwiiiiini**iii(|-.oii«<iiii<li.|rtillli(HHll'Wll-I^I*W«Ni(IWiMI(lllll|l^  . . mm 


«NM*  |  MWI.  |H“  •*  '  *  1  I  IINUA  i«UWi  .lull  i:  t 


. . . »► . I . . . . . «... . . . . mm . . . . . . . . . . . . 


coMfum  iwrui 


r  nwi  y  vr  i  ■«'  i 


»- . MUV 

_ /a)  ric:^M(0_ 

_ i__3)  XCtMO) 


•LIMIT 


SMJIff  (l-?rJ 


■ic<JM(0 - M  'IftCF__ _ m  Vi^r _ 

.‘i  xcj.MOT_i_^,ii)  : 

■M  W - fc.s>  FAC _ (,,o  »LKED_ 

»  (A) - (a!)  DEM* _ 6.)  W„_F  _ 

_ Or)  _ (o.O|)  MPL^T  — L  Jl  JL 

(s)  (c,,s)  0  — L.  (w)  «pJLi  (w) 

(0._  (i.aE-4)  (*n)  ■"—  (to)  mhIm 


*IDT!0 


0VECT 

20 

^.o_ 


■  I' '  H  I  'i  'I1 1  Hi'1! 1  IW'  I 1  Pi  I'H'I  III  Hi  II 1 1  wihihii  HnNi  1 1  hie  nniHi  imu  ihiiim  ihi  him  m  w  m  1 i 1  m  utt  m  1 1  n  11 m  h  i  >  I  it  1 1 1 1 H I  l*n  H  W II IW  IWH  ll  Mi  l-Hil  IlNUHH  III!  IrittHw  Mil  HlHii  iiiiimh  1 1 1  im+i  1 11  ih  ihi  n«  w  h  » 1 1  m  Jim  i  M  mi  mi  . . . . . 


■■I  tUli  ll  liil'MIll 


«  h  ii  Hut'll  imW'i  min  iim  Uni «  ihi  in  1 1  hi . .  iiimi  mu  h>i  . . . . . . . . . . . . .  m  ih  i  ip  u  im  H  i  in  n  (  n  n  i1 1|  I  |l  Hi 


I 


1  DIGITAL  COMPUTM  Wf*UT 
RtOUIST  FORM 

fBunsw-' 

2<y'l° 

WCT"ii3ar"~' 

lit  Will 

CDMTINUATKM  IHtflT  -  ! 

aaoi  fj>  oc  0 

|  CASE  S  0 

DATE 

mmI 

ii  mvidcW  tf^^srcAiAwn) 

tenimuz,  zxmci£ _ 

*IC0M(i) _ L.W  #IREF.„fa„g; . trt  *M#PT, . &...M 

A  JSJUUtL.  ..tfjjllfJt..,.  'jsJiHsL i..  .j&JttiL.  . . ........  . . . . . . . . . . 

_ *3 _ «  XC<i>M6 ) - {2 . 0)  ERR  O.QCOS  C..01)  *IC  0tA, ii\ . jfiL _ M 


_ 1 . HZ) 


W. _ (o.$)  FAC  /,0  lit) 

(3), _ (otf  DELTA  j.O  ,|Q 


*LRCD _ i>_ . Co) 

W'  K  (r  _ _ _ _ _ (o<|) 


SWJL.T  (l-!'1’!) _ _j 


.*«•)  (4) _ (o-oi) 


*IDC 


AMULT 


'  .I**.  y  r  i  i  ii  NCk  ■,i!' ro  *  IWffiTST 

Mivi  rr  :n*vun  i; ::iit  kchm**. 

!  !.i':v  :r,v 

l|  til  *  1 1  an*  t.  M»  WM,  llh  ■  ».  hll-IHW  I  r  *1.1  i  !>  |  hi  •  11.  Iiitnl  IWWHMl.  MH«li  IMtoK  Ml  y 

w  *'«WI|||  Ht*i  IMMtIUHI'W 

CAJ-ll  t  .  O  M'J'li! 


■L j  $LL J. tel. ' 


CO 

PA 


CONTINUA  TJOH  SUCH 


PACE  /5  OF  y:  PA 


V- J/7?  (?)  j  . U)  %v;tu\  _£>) 

'"  Ht':  — i— (f)  >:c.f,>i.iO) — ft)  err  “ 


. . !«.  M 

,Ji"  — . J _ (?) 

mu’  (i-v)  (■ 


)_ _ Jo.S)  FAC  _ 

(■“$ . (<*■■')  DELTA 


J < .)  :■  ___ 

J'O  'Ul  D„ „Q 

JO  WllF. . 


(o.ci)  ^c<r  VV  )  I . o 


,(l.0!  J) 

«ZDN0  DEUt 

IZJZZ 


0VEOT 


~/c.  c 


22*i»7 


CASE  7*0 

.  R05.5NI ; « &ttJULUfiOAfl . |MU J» EUMU UUJMhUSAU £.0 _ 

K»f)E  I  KlMtil  1  1WF  2  MtfPT  5  A  0.625  -3775  0,625  -1.75 

.,2,625  l.PRI.?,  . J0L.UMJ.T*.2ftaLt!Mil>_AC.IE:X  _ 

IDNO  1  2  OclX  0,01  0,01  0VECT  1,0  2.0  MC0N5  2  IOC  2  *00 
A MULT  1.0  1,0  CA10W  “10,0  0,0„CTP _J.5_  1,1  __  _ 

WHF  '  C**  . . . 

1 

■WTO - 

M  ONE  VARIABLE  FIBONACCI  EXAMPLE  _ _ _ _ _ 

"m#oe"  3  lCcMm  i  irEf'  '2  kSpt  Ti"  o.«T'"-o77»"  o.6i?  -u?5 

0  «»J  •625  ..IPROC_lmUMJT_J & J.ljjJH IJtgjaftU )„ — 1 _ 

10>N@  1  ALOW  -10.0'  UP  10,0  NCONS  I  IOC  400  AMULT  1.0 

CALCS  0.0  CTP  0.0 _ 

“Thro "  '6  1  ‘ 

l  _ _  _ _ 

END-flF-JOU  ‘ 

/• 


0.25 


2MAmX . 


2241-7 

•2,241xjL«. 

22*1-7 

2  2h^ iiIkiii  h  1^^— IWI 

22*1-7 


22*1 -a 
.ZliirfiL 

22*i-a 

22*i-a 

22AlsA 


-  mm  M  IIIfH  HMH  Inn*  Hum  p  wh  mi « 1 1 1  hi  i  min  i  mm  uu  i  m  i  him  pi  u  ini  n  inii 


APPENDIX  3 


p:kehtout  from  sample  problems 


3MW4  *ON  *93S  m»3T  Nnm 


WRITE*  *>F4C0 


••  5  - 


D  ©  ©  0  C  oA^coc^odoOQOoacicoo 

*  4-  *  •  »  4  ♦•  ►  *  *  *  .  •  .[  »  »  «  «  ••  «  «  4  «*  «•  W 

n  U*  I* g  rr  »/  4  41  flU  »  O  -  rj  (♦  4  If  ^1  N  «  »  1 3  m«  fN  f4t  *  < 

^  <»  C  4  efc  cc  ai  co 


»  u/  ii  bn  UJ  tfJ  l  j  UJ 

r*  i*  dL  *  At  fl>  at 

.  d  a  &  9  c*  a 


<  *  «>  4-  «<  «  4 

■  y  p»  »•  *»  . 

!  *U  4  «.  •« 


u  4  «  «;  «1  < 


.  «  *  «  4 

'•"►Kl*.  ..  -  - - 

IOoO‘  - 


-  f  ■  <1  «1 

-  -C  <0«^V-.r^,Tr.r- 

ujiut^tijydUjujUjUJixujtayjuu 
is)i/*.  i*i  i)  />  j!  vt  i/i  irt  4i  j)  4  n  ^ 

. - .  amsf . 

a  O  a  a  4 


i  a  _ _ _ 

•  #  *  « 

«K0 


-  4 


U<  Oi  u. 

.  WIU1  t>* 

W  «  Ui  U.  U) 

«  «  cr  .  tf  (X  ! 
U  A.  <4.  a.  A. 


J  UJ  4j  UJ  liJ  UJ 

U1  J|  Wl  ^  H 

i  UJ  Ui  *UJ  <4  OJ 

!  *  X  a  t*  at 

a  a  C.  a  o 


« 

0 

• 

•*> 

«a 

0  1 

4J 

© 

•  1 

O 

• 

0 

• 

O 

© 

0 

»"* 

1? 

0 

• 

0 

mm 

1 

• 

O 

._ 

r» 

«D 

O 

4 

mm 

O 

a 

0 

• 

« 

• 

O  1 

4 

« 

fm 

0 

◦ 

©  | 

»M 

• 

• 

• 

0 

4 

•- 

0 

mm 

IN 

l« 

O 

O  . 

J 

O 

• 

•0 

O 

IN 

• 

8 

<M 

• 

• 

• 

O 

0 

O' 

0* 

O 

<SJ 

M 

4 

mm 

© 

• 

O 

OB 

O 

4 

0 

• 

• 

• 

• 

• 

O 

•O 

IN 

»a 

OP 

O 

mm 

IN 

»a 

mm 

© 

• 

0 

4f* 

m* 

IN 

O 

0 

• 

• 

« 

• 

• 

■ 

mrn 

* 

mm 

** 

O 

fN 

IN 

ti> 

• 

• 

rvi 

•# 

IN 

■r 

a- 

cc 

IT 

*-• 

'O 

• 

• 

• 

• 

• 

r» 

•u 

O 

O' 

*+ 

•-• 

IN 

• 

• 

O 

© 

0 

O 

•# 

fN 

fa 

O 

«r 

cc 

• 

• 

• 

• 

• 

O 

• 

O 

0 

0 

— 

4 

• 

<<•«<< 


Q  A  fi  -j  »  (5  IS 


*  4  •>  <*  4  g  • 


2  2  2  S  S  3 


4i  »  r«  (fl  fr  ^  t  g1  ?  O  O- 


C3  4  *N  *  <  t/S  «o 


«o  i3  '  C  ^  rw 

•>  ^  &•  ©  ©  o 


O-WUM,  M  w  «*. 

V.  t*  •  /»  *A  lr*>  Jl  in  l/>  */>  ** 


-  O 


I  #u 


XI  «*j  iL  ~  U  mm 

<^40  Wl  *»»  VO  v» 

4  UJ  U/  U<  Ul 

t  cl  <9  oc  oc  x 

i  a.  a  a.  &.  & 


O  5  ©  Oi 


-  odioflo 

»  »  ■  ♦  «  3  4  »  • 

o  —  *N  rn  ^  d»  £  f*»  X 


I  «4  H  M4  1  , 

»  m»  uj  a.  ai  d«  i 

1  lS)  4/1  «SI  «/>  Jl  I 


4/1  *n  4/i 
b  Uj  U  i«j  U>  41  tv  Oi  k 

UK  »  *  n  a  f  a 

Q  a.  a.  A  a.  c  tx  &  a 


1  ^ 

1  u. 

mm 

Ui 

u 

UJ 

UJ 

U> 

UJ 

mm 

Ui 

Ui 

■# 

+ 

Cl 

«♦ 

m» 

M« 

O 

— 

IP 

-  4 

* 

OJ 

IN 

»*• 

•  i 

IN  I 

1  A| 

IN 

♦N 

— 

mi 

IT) 

fN 

r\ 

!  *4 

m-4 

mrn 

P-4 

mm 

mm 

1  U. 

UJ 

UJ 

a. 

UI 

U> 

U. 

Ui 

Ui  | 

4T> 

•P 

O 

O 

0 

•0 

•N 

i ; 

IN 

<6 

«c 

- 

- 

•  1 
M  | 

IN 

IN 

ra 

ra 

rv 

N 

mm 

•>¥ 

tm 

mm 

mm 

M# 

wm 

4J 

UJ 

Mm 

u. 

Ui 

UJ 

UI 

UI 

Ui 

O 

O 

O 

O 

•a 

fP 

cc 

f- 

• 

• 

• 

• 

• 

• 

• 

• 

• 

IN 

fSJ 

IN 

IN 

— 

mm 

»p 

M* 

1  IN 

IN 

mm 

Ml 

fu 

(« 

•m 

H 

mrn 

mm 

•4 

mm 

kU 

UJ 

UJ 

U. 

UJ 

W 

» 

• 

UJ 

UJ 

m 

• 

101 

• 

*> 

• 

O 

1 

•6 

• 

4 

9 

4 

• 

mm 

9  1 

o 

49 


■4  —  -  -. 


4^  UJ 

s  - 


«■*»  *  J  *  *  +  t  4 
uiOaiviuOuiOuu 

*  sis  g  a 

11I1  •  4  1/  »#  1 
o^oio-ono 

Hi* 

~»  +  ~i>fN#*rM»uiN 

“  *8483848 

“  •»  .  * 


1  fN  in  — • 


O 

** 

a? 

♦  1 


3  . 


o 


•r 

UJ 

o 


! 


¥  v  »  v  v  u  v  o  a  g  g  >i 

00  •  ip  »  to  a  •  oc  »  in  1  ^  •  o  1  o 

*8 m4~< +o*6«t>  .6Z00  '.  \r.  %  :  \ 

•  0  J  o  •  C  •  a  •©  •  <  I  *-  ©  O  O  i  »  o^olo^oio 


» irv  uu  ♦  di 

£j  ©  OJ  ift 


♦  w  4  uj  <r>  di 

S  .8  *!j!t 

•  «  1  ♦  •  4 

N  I  N  I 


mm  |  «*4 

Ui 

o 


«  i  *-i 


Q 

<n 


O  m  O  -  O  + 

•  41  •  u>  •  4> 

oaoeoi 


1 ::::: 
iiisiiii 


4si 
issssi 


s 


it* «  ^  ^ 
uj  *  uj  O  ku 
4  ft  f¥  •  IT 
•  4  •  fx  » 


o*-c-c4«o-<o 

•  uj  •  if  •  iL  •ui  • 

odoJo? 0^0 

»  • 


•  T  • 

n4 


ilit 


,\zaz  j: 

ttn 


JK  IK 

•  • 

rs  «m 


AI 

ON 

<  44  IT 

ui  O  uj 

IT  •  0> 

•  f  • 
4  '  K 

rvi 


f  f  1 

dllVNMNHNI  WHOI  KBMVU  A  1VM3I 


f 


11-1331 


ifwi" 


i! 'Mi;  i' in  1  imi  in  inn  11 1 1 1 1  n  n 


. .  1 


. . ii  11 1 1  wii'liHi  11  iimii<Hiiiii ihi iii  11  iniui iiiiiiiiiiMiiiNiiiuiiinifiimiihf'ii  nmri!i  i,i  r  ,i  ,  1  ■"  1,,  .  . 


llilllJ1'n' . ■^lll-"-LI 


■■i..  tlJjkUllllillLililllliiLi.il  I..ILJL,,,!  1  . . . 


2M4  1.5414  2.041-4  1  t?*D4 .  * 


AOfECM  IV  HMM  MOSLEMS,  ftFFMTKV  VEHICLE 


MHIPKi  MfOTlV  VCH1CIC  CHMACTfM  STICS 


t  * 


l 


S' 


U  -.5 
2©0  -J 

or  .« 

o 


**  a  $ 


t*  tt. 

<c*  4 

*- «a  j 

!*►  4 


~  * 
ieo4 


Sg? 


it  **• . 


6  _  _ 

(on4 


S®  i  i 


-«>*  4 

MSI 

•si 


«  i 

“  —  •*-  fSI 

*  2?«<t 


** 


I  I 


z*; 


a  pa 

t  *5 


I  I 


. hi . .  ii  ii|  il  i  hi  i|in  imi  ii  1 1 1 1  hi  i  u  m  1 1  mii  1 1  ti 


llllunlmitlUM  !WK>J  M»lllW,|>WM| 


11*139 


i  > -'i  >  i  m>i|  i 


" 1 1 . . .  W  "  l"IW  l«  I'  IIW  Hfl n  M'  II . .  <»« '  . . . I . .  n  . mini,  n„  . „ 


.3 

il 


imi  . in  1 1  uni . .  *m  il  i  *wft  ii  njti  n+i  firil  |i)i  i  #>ijik|iH^HipijH|ii 


nii'i'iiiiifii'Mi  . . . . .  i 


. . . i|| . . 'I  il  III  ilm 


.....Li  ll  i  I.LU.IUJ. . 


W  "  I  .III 


II II.  Ill  III  llll  Ill  II  'III  II  111  III  ll'l|l|||li|l|l||llll'|i|l|lll  ll|illll|l’l|l'l||l||l|lllllllll|l  I'llllllll  'llllHII'llll' 


BASIC  DECOY  CHARACTtalSncS 


I 


*  * 

O  i 


«m  a  i> 
zc-wn  d 
*  •—  * 


fs  to. 
<C  to 

•  o 


T 

xoo  y 


3£S 

— '  •  fr¬ 

ig  => 

*N 


<ou.  4 

a  «r  > 

«os  a 


o  4 

at  -•<* 

fy 


F.I  I  i 

il  i5 

°fcl 


►5-< 

X 


IV 


1  - 


I  I 


'I  II  » ■  i  hi"  i  HmiW"u 


I II II . I II I  Il'l  llll  II'II'II  I  I'll'll  PI  IHIIIII'I  ||l|ll'l|l  |||||II'II'IIII||||  |l  ll|l'  III'I'I  I|il|lll  I  III  II I  Will  I  INI  nil  I  nit  I  inn '  ■ 


mmtMKKMi  iwmi  ««iim  4 


11-143 


11  . . I . .  ••  «" 


. 11 "  '«<  I II  IMM  Hull  l|  I  llll  H  I'l  i « H 1 1  *  1 1 1  ■  III  II  |  il  « I  «  4  i «  « tin  H I  n  un  Ini  I 


IHTEKMt  OF  I  «FU)CTT/SI&M>F«2  3.5950205D  05 


MS 1C  Of COY  CHftftACTEA I STICS 


r 


rs. 

+ 

IT 

<V 


i 


N  &•  -4 
rOO 

a  • 

© 


st 

u- 

£ 


X  ♦ 

© 


a.  £ 
v  1 1 

*  • 


40^  <} 

-vC  ►-  tl 
X 


™  r 

coo  4 


i'g? 

-J  • 

o 


©  to  _ 
*©*-  4 


ss  * 

OC  •«  ** 


«r&\ 


—ir>  rvi 

•urv< 

. 

yc>  <l 


II  i 


i  i 

•  i 


am.  mn*m  <•>  «p  mmmmxm  «wm  mhicc  4  mot 


lll'IIM|llllllll|HI|lll  II||I|||||||||||I|I|I||I  llllllllllllllllllltlllllllllllllllllll  III 


■  I  'I  IIIIM II  lln  I'll  til  1 1  111  1 1 


basic  oecay  characteristics 


M  ft. 

IIS©  WflJf 

«■  « 

© 


K,  # 

a 

Md 


W  6. 

at©  mi  «j 


tu 

nMT  ©  LA.  d 
K  *0  ] 
Md©  h*  d 
X 


I'  i"  . . II .  I  Nil  II  li'lM  i  II  ||ii  1 Mil  1 1 1||.||  |||||I'  mi, nrii  1 1  ui|i  i  >iii  ii|iii  i|  hi  I'lj'i  1 1  hn »■  mu 


>io#o9oli')in 

JiOilOSOJOOPO 


JOCccicootpictiipric-r,-, 
3fle-ofooe80(|n(ij9o^rt  r  - 


♦  ---  1 
:*•**•  —  o^eoac 
►  •••••►•••* 

:j,»iT0O±000,,> 

-O  9  +i 


<  i  r 

"I”  iHitiOmtOTMi  «M)a  MUM  4  ma 


11-147 


M 


M1,MW""tl . . . ^-l,,,MMI»‘IM"*«n^lMiMlWlI*HH«WII  . . . . .  . . HMtllHiHfHM . . . . . . . . . 

* 


I  i.|iH  I  will*  I'  Ml  i'i  mi |*W|*iHj  IhHM  HHi«iMil'|n*nHilHH-i'i»ilH|W-*^lilHl|JHI  'I’l'iw  1 1'  I  i|*|i"M|i  >|l|Hlli  m||H  l|li>-|HI  It  4  Hi  ♦►HtrtllWMBM1 (Ml tlNt'N  Mil  ft  ij  'll 


i;l;i: 


1 1>  || MW-ll-l  IH  It  |  III  II  IIIUlMlI  |l  IHI I II  1 11 1 1 1  III  I  I'll  III  I . I'I  I  I'I- . .  ll'll'll'llm  li'IHItl'IM  I'ltli  Mill' 


"i . 


I|  I-  |H|"II|H  •  III  ll'li'H  I'I  IMIH  l'l|  1 1  l|l  H+li 


CHAItACTFKI  STICS 


©  ©  O  ©  o 

t  ||li  I  #  I* 

.©  dpi  O  O  O 


O  -dt*  fjii  Hill'  Cl  m  C  O  ©  ifH 

#  Jf  *  „*  *  f  *  A  *  4 

D  ©  Oi  0  O'  d  CIP  0  O  O 


O  o  o  o  o 
o  a  o  d>  o 


o  o  o  O'  ®  ©  ©'  n;„i 

eS  o  p  ©  4  fS  cf  ^  ■ 


. .  ■  ■  ■  l  t  b  >  •  I 

sismifc 


#  r*  P*  i 

.*«,•«  «M  M<  . 


Sftaisijsistsisijjhj 

c!«foodooaoao|^r!<C|i 


•>'.»  4  »  4  . 

*  i  I  •  t  apt 

•“,  *£  **  *«  K  *  6  3!  •  ‘ 


i  *  «*>  *\,  l1 

iN<VN(yNf 


lislS! 


*j  o  4  ©  ©  ©  o  o 

+  #  >  #  *  * 

V*u  'I  09  O  O  O 

i 


:§^§ss§g$gg§?s 


ooo*occeo 

SS$f  S:?£gg 

Siiiiiflsi 

oooiooooo 


J8?SSSS8tS888S 

ij|||j||il| 

— odooooo4ooooo 
«c3ooc>oo$o£ooo 

if|39§ilil|llg 


'#  ©  **  ©  i  » 

«•••••  i  *■  i  *  * 

^  ©  4  ,  i  ©  0  0, 

<  —  «©«<  i  *| 


o  c  r.  — 

•  •  •  « 
o  o  o  © 


§§ 


o  o  c  o  o 

Sesi: 
«  *  ©  *  ^ 

lasers 

7  f  2  S  2 


o  o  o  © 

r  N  n| 
<•  N  n  O 

?  2  ?! 


loUisisi 


I  Iiiill  i  Hi  iiiiii 


..id. . . 


,,l:,J,"lbHH!td^ffrM‘«K  ■  HhhiiH  h  ii^m1"1,  «■  n  !iw-wn*i . . Ml . . . »ii"ilitil'i  . . . 


x  uitiou  ai  m 
TMe.  »j 
Pfcsa«  8.0 


]  9* 

3  © 

m  « 

4  <4 

4  ,Mi 

J  c 
cl  m 

c 


1R ANSLAT 10NAL  QUANTITIES 


©4 


53*3 


04 


54 


i  M 


©  4 


H 


I  I 


l  l 


i  i 


i  i 


i  i 


i  i 


i  i 


I  :!  < 


•iNNml 

o  o  o  o  o  a 


\Uiiii 

=  3S  Hi 


—  fx  <x  m 

a  o  o  o  o 


r  o  4 

•  T  i 

o  q  o  n  Q 

■  4  CO  rvj  o 

-J  fS.  f*  K.  K 

X.  o»  >0  •#  ** 

«!•»♦<? 

O  O  0  O 


s 


tA  ^4  IN  r*  i* 

N00004 


^ssast 

*dc;«io•* 


*4  f*  M  4*1 

S?°?° 


1  o  4  o 


3  o  o  6  o 


<  4 

*1  ^?°?° 

,,  ?8S 32 


#  d  «  *»  *  4  "» 

♦*“<5ddd1 


i  • 


.s?SS3 


i  i 


si 


4  •  •  ► 


I  I 


I  I 


I  i 


1 

2 
p 

I 

* 


l 

i 

5 


s 

* 


i 

t 

S 


.  .J  i  i.  ii  lit  Mu l It l.-  i  i 


*33 

si? 


+  y  - 

l/t  —  -4 

"  J  - 

I  ©  d  © 


5 


3f 

h»*  i 

i!*© 


«  < 
O  4 


O  O 

»M  4 


»T  ^ 

*  O 
**  •  • 
*  o  o 

O  1  I 

«3  A. 


i2^ 


■ 

|  *  »  A. 


rg  *» 
O  O 


I  o  o 

*  gs 

—  Of 
K  N  M  O 

"  !?■*“ 


ii. 


-I  9  ••  oc 

©NN 


“  I 

5  SS 

O  9 


£  0  9 

2  22 

*  1 3  -  o 

S  o  o 


O 


iis 


I  I 


4$ 


ii 


§ 

i 


r%  o 

5d 

^5 


l.ii 


f  *i  k 


I  2  ' 

f 


i  e 

1  M 


If  I 
1 5  i 


i  l 


.'  f 

11-1*0 


III 


•4  Hi  H 
«  4  ( 

o  o  o 


II 

u 


•  •  « 
«C  «•  < 


c,ss 


o  a  a 


S3 

-»  <v  « 

o35 


■  I 
—»  «* 

03  < 


3 


! 

•  * 

55 


..  i 

as;* 

«•  w  J 


l»z« 

£is* 


u  u  o 


n 


o* 


,  o  *  o 
r  *  *  J  «# 
rv  *  f  ■  rsj 


•  #* 

r*  f  — 


♦ 

o  o  o 


"«S 


iis 


9  9  9 

u3« 


o 

Is 

Is 

id 


4 

o 


I  I 


§ 

? 


M 


(T 

?9 


©4 


S3 


53 


o  4 


? 


2 


« 

a 

D 

O 


it 


.'1.1 


O  c> 

Q  I 

oU 


o  4 


«  i 

>-  i 

*2 

h-  4 


g 

o 

rf' 

2! 


I 


I  I 


I  I 


I  I 


I  I 


I  I 


MUtatr-tH  I  iittri 


Q 

i 

fM 

rg 


IN  f  «»1 

o  d  r  ~ 


si  o  d  o  o 

> 

aa  &  a 


1 


<1 

o 

5 

a 


-NN"  X 
o  o  o  o  a 

4ioic>- 

C^N-Z 
4>  **■+•+  u. 

4  rg  f  »r  <  j 
fNi  f  iT-  f  3 

1  I  •  1  £ 

o  o  c  o  ^ 


e 


-  4 


-*  in  fg  m 
OOOO 
1  I 


SO  c* 
0>  o 


d)  •  o 
NK04 
fg  »«•  1^  1* 

•  •  •  •  o 

o  o  o  o  « 
o 


—  N  N  f  I 
OOOO  — 


3 


i  =  2 


c  ^  o 

-♦  *  «  z 

<  4  ao  f  O 

n  /  #  ^  i/> 

•  *  w 


•  •  I 

o  o  o  a  z 


s 


yi 

< 


si 


—  IN  *4  *> 
QOOO 


49  0 


2S 


IT 

i  •  • 

9  0  0  0 


mt  1*  fX  f 

49000 


iHiseg 


♦  •  * 
0000 


5# 

o  « 

.5 


,  1*  —  w  o 

ri  o  o  o  o 

_  i  1  1  O 

*1*322* 

sSS9  T-H 

m*  -m  «M  ^  • 

o*dod° 


s» 


is 


1  1 


* 


ill 


r*'1 


1  H* 


'•irii|l'i|"i'  'iHi+ 


TABULAR  INPUT  ANCLE  OF  ATTACK  ALPHA 


UOO  T  (  S  TAG  )  •  0.  »«/•>')  0*  «XJTISW»IC»«  0.0  HMT0»  O.  SiSEP  Cl  PS PO~  G.ttTTa  Cl 

STATIONS  ME  PfACEMEAGES  <tf  UHAAl ATfO  IE**GTH 

|iH,  AT.  2  A/LA»0.A  */l**0.t  «7LA»0.7«  «^tA«-'.9  </7»*I.P  ttfW  **«S 


CONFIQURATIQN 


m 

'f' 

b m  0 
*  > 

C  0 

*11  II 
*•» 
n  * 

Sf 

„J  "* 


«%l  0 
O  0 

1  o  o 

t\f  «• 
PW  IM 

*  # 

O  0 


3  8 

O  O 
#»•  in 
0  tv 

fh*  «v 
•  ♦ 
0  0 


IUU  Mall 

X  m 


8  PM 

o 

812 

S3 

ry  ni 

dd 


£* 


4 

«♦ 

i 


0  o  o  o  <  i 

f  22«,5 

<  ir  «•  i**  i 
^  M  #  ^  * 
x,  pm  —  —  i 

m  •  »  •  » 

O  O  O  O 


i  6 

II  <#>  -J 

MI  5 


4 

s 


— *  Kv  —  ■# 
<00000 

•  1 

?£ae4 

4  +  4  o  i 
w  o  A  *<  <1 
v.  pm  y  fst  4 

x  <  »  •  } 
O  0  O  0 


(  X  ~4 

j  -»*-< 


T  ^ 

liu  |OQ  o 

4  *  H  i 

i-‘ji 

•  «U  4  0  «M  4 
)  «  *  0  0  PM 

!o#<f 

s 


O  4 


0 

* 

O 


I 

M 

S 


i  I 
I  I 


!  I 


NitvrtNN  *M  WHKHW  nuvMOMOaHi  HMKH  IMNlWW  i  WACW 


5 

i 


>*  i 

#  £ 


a  o 

—  » 

iij 

<j  1  I 

81 

H  4 

<  D-f 
is#1  0 
3M!  >  4 


nw  psi 
0  O 


•  0 

I  INI 
I  M  0 

i  o  4 


i  o 

jfl 


8!  3  f 


0  0  « 


l“l 

W  >J  * 


a 

w 


"2?  4 


_ j  u  a 

i 

a 
o 

ii 

0;  M  *•! 

s* 

©  o  <$  o 

t 


o 

as*  3 


4 

a 


t  i 


11*163 


«• 

5 

O 

•* 

i 


1 


?8 

I  o 

4 


2  4 

ii 


::s 

(  a 

*  M 

I  * 
r  o 

r  i  pm 

«  d 


t 


E  I 


a  .•  m 

?f° 

«6fi6c 
#v  ^ 

*r  ff*  c*  .d 

tv  C  ©  -* 

<V  <•*  **  — 

O  4  «  •  • 

o  o  o  o 


*  —  «  —  4 

O  0  O  O  0  C  i 

5»  «ic  i  c« 

a  i  rm  r,  -.  Cl 
-*  *  0  0  4. 

-•VOO  — 

v  tv  *  *w  . 

•*  •  •  • 

OC'dOl 


*•  «r.  ~4  «f 
9  0  9  0  0 
ra  •  i  i 

^  o  o  r.  a  o 

n  «  A«  «r.  $  4 

0  «  *  —  *> 

♦  ^  n  tv.  N  r* 

•  %  tv  I\  »- 

C  M  •  (  «  »  I 

OOOO 


\r 

r 


s-ss  ssi. 

c  t  c  4  2 ! 

*  K  0  0  4  j 
<  I'  o  -  »• 

^  -•  0  0  •* 

-  v  N  fVJ  %  Ml 

I  6  I  •  ■ 

0  o  o  o 


o 


■■n 


O  0  .  > 

eia 


0 

0 


"4" 

I 

t 

if 

>-■ 

4 

h 


m 

m 

z* 

•Mil 


o  « 

J{!ll  IjJ 


Mn  tins 
4  0 
«-  mm 

,1*  5 

in 

hii  mi. 

"«I1  min 
IK  t'lWi 
<kill  .v 

cm;  '«!' 


i 

'S 

•Kill 

1 

S' 


•<!t  < 

if"l>  ' 


\\  ■ 
0 


<!>  I 
hH« 
O 

#  "1 
fl#1  *» 
»«  T» 


ifihi  'tty 

0  O 

Q  iQ 
I’M  « 

4  i 

0  'Pnp 

ir%  cm 

*  # 

0  9 

*  M 


H  "t1  I' 


N"l  # 

O  * 

0  a 

i|»w.  Itm. 
0  0 
IV  IN* 

ftw  nu 

MM  « 

flHl  5 

rv 


'!  i 
>  « 


1  s 

o  o 

8 1 
88 
O  f» 

3« 

o  o 


t  M 
HI  ml 


# 

if 


I 

u, 

«• 


. . . . '"Ill" . . . I . . mi . . . mm . . . . . . . . . . . .  Htn  . . . . . . . . . . . . 


. .  l» 


1 1 II1III  mini  Ii  I'll 


3® 

x  m 

o  ft  o 

O  i  » 


I  2*u 

0  5  o 

<J  <1 


s  © 


to  f  © 


« 

•M  *-  *  , 


Bsi1^ 

I  2  I: 


wQ  I  O  O  O  O  O  S 

"'iJjiSo  Jo*2 


OOOOOI 

i!jo  jo 


>io  ooc.oioooo 
>  o  o  c  ocotfflficc 


~  {  i  ^ 

:•  v  c  o  accdoocoed*.*.*** 

•  »»  •  4  <  •  P  1  *  »  *  *  M  *  •  • 

*  7  «  +  •£  < 


•  —  ^  ^  ^  O  .IKfc  fw  \  ^  «  Of 

a  «  •  •  ,##••'••••  «  i  »  i  »•  «  i  * 

•  ■*•"»♦  i  ,*.  #P 

o  -  •  i  ^ 

-  -  -  . .  ™  **  *  *  •  *  4  •  o  *  <  *  «  *•  •  •  i  i  «  * 


©  P  O  3  O  C  • 
•  09000  501 


J  o  o  c  o  o  o 

!Sg22fl:£ 

10  0  0  0  0  4  0 

i  p  O  o  o  o  «  r* 
i55cco(  o 
10  0  0  0  0(0 
I  O  O  C  o  ©  ‘  ^ 


1  ;*  • 

5000<Jo*0*«M'©®?f 


rmmsi 


mss 

o  o  o  o  c 
c  o  o  o  o 
o  ©  o  e  © 


— o ioeooeicsoeei- — -  — 
«oSoo090»dooeo«aooa 

iiiliiigi§iiiip!!§ 

»O*oio50i009S.c4*-»5- 


I8SSS: 


«►  o*’ 

2!^ 

a  —  —  n 


4  0  •  }  *  1  *  Jf  ••  >!•»•»• 

I  -i--4Z-IK<,NniM 


JcIJeo*?*— w2S— S  «  5  — 5 
-°f  "<'-->■*-‘♦2:^2215285 


am 


Ijaioo^coio^oo 

Ssi^isisi fiili 


:m!S!22i! 


I 


u 


i 

t 

O 


u 


g 

J 


uni  iiiiu..  # 

||{j|  0  Mil1 

m  * 


x  *i 

O  I 


N  ft.  q 

1!  O' . .  4 

iiimr  * » 

O 


IN  «... 
«  O  • 
*"•  •  O 

IAJ  O  ►  " 

x 


fw 

*  o 


j  #«• 


r  0'»w 


58  8  » 

l«C  »N  l 


SSS  * 
"Vsl 


*xl*  PM  j 

f 

*“  «*  * 


£  **  # 


•  • 

BNff  K 


♦ 

p  —  4T  N  M 
*  *.  .r  j>  £ 


•<  Ji«tN  N  | 


iss: 


•  ••«•■••«•• 

HsiSSSSKlsi::;  is 


£  M 

O  - 

►  J  * 
*  o 


♦-  c  o  o  d 


#*»*>> 

ooooo<|??flty|?7MT 


►  o* 


yc  m 

OO-i-,. 

joood 


if.  ^  *•» 
>N  \  *V 


sis 


£2) 


*•  n  ^  ^  4<  «  ^  \  o  <1*  r  - 


o8  O  c  S 
^  ^  ^ 
M  N  N  *W  M 


I  I 


►  m«r.r  f 

*5-n>  I 

•  f  •  •  *  •  I  «  p  ■ 

r|bio«'N*r4b 

-  •-  ••  •*  •»  *- 


«?* 


o  9  *Nr><\ 

S  9  5  J  2 

•"VNNNll 
N  «V  N  ffc  M  4 


I  f 


<T 

•JO 


«  o 
* 


lot>ooc*deoocoi 

*  i  <  i  •  •  •  »  «  •  •  «  > 

go  ©  u  o  o  q oooooq 


Dooaoioac 

•  •••*»««* 

ocoaoqoop 


fu 

JO 


3  q  o  c  pooi  f>popplaooeoiocoo 

•  j  •  «  |,jj!i****i***><pi«*« 

^qnpopc  to<?eoc»tnoeeof^oc 


—  j  1 

_caocoec<teor-<9c»oo*o«j<  —  «nc 

. . 

mos»a'»oao«o«>o©c»c»>»«.«'4<"o-®c 

«  ,  T  •  *  *  *  o  *.  » 

S  i  ~  “ 


Aif 


•oaaoaocpo 


-If 

S3 

c.« 


o  o  o  a  o  $ 

sigss 

o  p  o  o  c 

OOOO? 

o  o  o  c  c 
o  c  o  o  c 
o  e>  o  ©  © 


i  : 

•  ««••>•  »t« 

—  ococ  doocc 


•s 


*  »* 

•  o 


Cilsoc  c 

1  *  T  *  T  *  * 

'  «  4  *v  *  *>  %• 


l£*;:2trEs«i 

tS  =  I?S;iS2S; 


:sss:; 


•  •  •  ■ 

P  *•  <X  *  If 
N  •*  IX  «\I  r<  «  I  - 


•t':,-*;*f:t22£3£|r28ss: 


. .*'»««  ««*  aiiOHIMMw  MM.  IIMHi  XllliH 


JMUMT 


H'  III  II II  li  'I  II II I II  limn  INI  NltllllllHI  nil"1  tlll'IIIIIII-INI  |MIIMI|III,IIII,IIIIIII|||  IIHMII  |H|II  I'N  I'll!  "IhliilHIM  l|  PH  1 1 1  Ml  I  Mi  1 1 H  1 1 1 1 1 « '  ' 


. I'  l*'l  'I'  nil '  "HI IH  mtt  I HMMH4 1 1 »  Hi « HHWHPHI I H 


IM|  i  ■!  li'llnlil  I  |i|i|Iii||||IIii|II|i|ihIi<II||||||II  ll||||>i  HIIII|III||IIH|H||II  IIiI|<IIi||i|  ||  |ii||i|I  IHIHMII  III  III  l|»li|li  III  III'  in  i  inn  in"i 


l|>lHI’il“lHIN"|HI|'  |WImw|“II-I|.WI  iW[l|*lHH-ll’H|  l|  'Wf  I  IHH'IH4'  H'  Ml  Nj  l«  W  H|  1 1 1 


I'lH'Mi'WH  hi  iiw+h«i  ii  in  Hi  n  hi  ni  Hi  ni  dn-ii  . .  hi  n  i  n  t  urt  m.  linn . .  in  n  inniiiiiiii  ■  '•ii|i|||ii|inHii  iiih  h  i 

. . 


""J" 


!! 


. . .  II IHWIIII I  MHtttMWHIMlH 


ft  1 1  flu*  »ll 
1111:1 0 

M 


SI 

iiii.ii 

|T  1 

ist 

%  id 

4f! 

3>  fcrt  C 

111 

IUI  M'W 

odoooooc  (loofjoqoooocio'jo^ 
oqoooqo((}<>oi>0(iooooc4i)i}aa 


^oojoqc o  o  c  o 


OOCt)CS:3t>  **•* 

<i  cM  A  i  4  t!  d  r4  <* 


O'  I  wl 

6  *# 

»  w: 


fH| 

<€►  *  «l 

►»  *  Mf  ! 

S'^  c 


»  O  O  O  O  o  ( 

»•♦••• 

•00003 


lOOOOO 

1  o  o  o  o  o 


•  »*»•»*•«• 
4^04  #  *  ~  O  O 
x  ^  -*>  *  Mri* 


**  *r  j 

:i"9'  6  d 

1 ««•»  • 

>0  rt 


-I  *tm  J 

**  d 


^  -  »')  ft  i  <  4  4^M^^#Hpi,NKf.'\o4oq 

*«(»((»«•*!•«•••  •♦•»♦)«» 

—  r*  O  O  -«  4  <N<  » 
-  if-oi?'  ***‘*'»4tf'*t 

-  4  N  <•  **4**£d*<  i3i2S^Si 


Om4  *(4^h«  \  *m«. 
-♦»•♦*•  •  •  * 
t»ooooooooo< 

< 


I  tr  -•  rw  *c  *»  - 

1  o  o  ©  <5  *«  » 

»••••• 

100^01 


»*9  li  4  «  ft  «  c  . 

*  1  M  •  •  •  •  • 

yOM«TP>  J-  -  -  O  ®  > 

Oo4m<  4  <4  *-  •  m  < 

wo  qc<  oooocm 

^  M  «**  <*  **  » 

»  ••  *1  «x  *  *•*♦«*«>*•' 


O  *■•  **  ♦  I 

•  ••it 

f>  *  >  *»  r>  . 

ssiss: 


*§8ltjs3 


«#  H  f  -4  ^  - 

—  •#•!••• 

i»  O  <*•  rn  «4  *  4^' 


1  A  4>  #  -  *  4>  < 
>•}•»••• 
iu4M4r  4M 


SS  S[:S 

I  O  <  O  v  O 

isisss 


:  ^  t  °.  ^ ' 

•  o  o  c  o  o  d  o  I 


fortfooi 

icdcooi 

|  c.  o  o  ©  C  i 

isim: 

>  o  d  c  0  e  < 
I  O  Q  o  O  O  < 
©  O  O  o  O  i 
loqoooi 

©OOP©: 


Sonoof 

OOQCm 

COOCQI 

!38§l8! 


30S01 

O  ©  ©  * 


o  c 
O  O 
©  O 

o  o 

©  O  O  ©  ©  4 


o  ©  O  o 

I  •  •  •  • 

CC  09 


-  K  O  <N  *  d  o  «r  <^o  « 

•  •  *  «  N  H  *  P  «C< 

»  f  •  •  •  p  •  • 

4nO  U-  -  I 
T  »  •  T  T  -•  r*  v  o  « 
1  1  1  ;o< 


800001 
OOP©' 

IOQOQCI 

800001 
0000 I 


00000' 
1  C  O  ©  c  ©  1 

I  C  O  O  ©  O  I 
o  o  3  ©  3  I 

•  c  o  o  o  o  « 


•  O  o  6  O  < 
I  o  o  o  o  < 


I  c  c  o  o 

I  •  •  •  • 

10000 


INN\NN4Nf»NNN'iNr< 


00000 

o  o  r  o  o 

lifil; 

illil 


•  O  O  D  O  C  I 
00003 < 

iliiil: 


►  030001 

\  O  f*  O  O  Q  ( 

\  +  +  £  r*  **  • 
)  ~ « <*  *  <o  < 

►  f.  »  d  -  43  I 

1  *  *«■  C>  o  I 

i  «  «  >r  <  ?  «r  • 

►  «  -.  *  o  c  « 

I  O  H  N  It  4  I 


|  L  ft  O 

l  Q  **  !*•  ft 

•  O  -  'O  - 

M3* 


-35»si:3 

•  !  •  J  •  1  •  • 

ZAZZZiZS, 


*II*«MMIKM  IWI  MM**  i  'Ml* 


M-173 


. I  'I  I1 11 1 1  Ill'll . I  mil  III  lll'|lll||l>l|llll|l||i  II  llll  II  I|I||||II|I  . . .  HNIIIIHI'llllltM  'M  HI  M  . . * 


. . . .  II  IIIIH<IIIM<III<I4  Hill  III!  1 1  IiIHIIpcIIIIHi  II 1 1  l|iH|i|l'i|lii|'lll»lrll  llll  IH'II|III»|IIIIII«II'|I||  II II II »  IMI' II  III  ill'll  I II . 1 1  I'll  11 1 . II . Mill  III  III  I 


o  o  o  o  o 

•  ♦•ft 

o  o  o  o  o 

c  o  e  o  o  r 
_  _  o  o  o  o  o 
•}•»«»« 
odooooo 

f*  +  i*\  r*  r*  t*  i*i 


O  O  O  O  O 

*  ?  •  l  • 

o  o  o  o  o 


*  •  I  t  I 
I*  M  *  <4  « 

r*  *  **|  *  f* 


<*  f*  • 

c  o  a  *  * 

•  ♦  •  %  • 


G  C  C  O  O  3  O 

0(30000 
•  •  •  «  ♦  • 

o  c  o  o  o  o  o 

r  rrtirt 


hH  W 

a/  4  rf>  *  ®  Ji  •* 


30  0  0  0 

ry  00  *  O 
»  »  •  «  « 

«-<  I*  «#  «fl  •  ' 

Tint 


O  o  O  O  O  t 
•  I  •  •  * 
o  q  o  O  O  < 

o  o  o  O  r.  f 

<M  #  -#  O  **  < 

iiiiv: 


*  ±  +  1 
<2  *  *1  0«< 
r  t  «  I  • 

IN.  *  *  ^  O  • 


MU  /  q  f .  > 

•  •  •  ♦  • 

—  «•  *  -A  K  • 

*\  *»  »r  in  ws » 

\  7  i  r  * 


*  »  4  n  l 

4  •  *  - 

pj  r«  tf?  •«  I 

PI  M  N  N  I 

I  I 


o  4  o  o  o 

o  Jo<Jo 
o  o  o  3  o 


o  <  o  o 
0(00 
o  (  o  f- 

OllOO 


o4odoejo4oOei< 


oe«4o 
o  o  o  3o 
*>  J  m  p*  ~ 

NNNrilv 


mas 


o  o  o  q  o  i 

ihn-3Ji 


t  ; 
1  ! 


>  C  O  O  o  O  1 
>000^01 

O  —  < 

>  O  O  1 


»  O  O  O  ri  m  i 

IoJoMni 


[  o  o  o  8  2 ! 


4a4" 

8258 

o  <4  o 
^  or  e 
im  4  «-<  O 
M0IAO 

;^8 

8 

—  *4 

ii  4 

• 

S  * 

o  ' 

O  Q  O 

IP1  Jo  i 


S  •  So! 

j<  oteiliiM 

i  •  j  •  «  • 

(  O  O  O  •*  m  . 

#i  *  *  | 


o  O  o  j 

t  «  •  U. 

©  O  O  I 

4 

5533 

"SS* 


4  4*«4» 


lhl>5 


ii  Hi  kl'i  1 1 il>|i,|i »i"i 1 1<  i  |n . II  i  |i nn  in M inn 1 1 in  u  i 


9  (UNO  ixtumm  PtNAtIV 

i.moooao  oo  }.*J-yaoooo  co 


IN  lOUIIt  H  •  2  FINI  «  O.  J  OOOOOOfW'OD-Ol 


JkQOOOOUOQ  J.  *OOL'OCOC.J  1 


NTKIA  N  NS TAG  NSUCC 


*FC»*  f  =  1.00015790  00  X  =  1.PM705860  00  9.98141080-01 


I  »** 


V4M1AM.E  METRIC  MINIMIZATION 


STEP 


TUO-VARIAW.E  FIBONACCI  EXANPlt 


*****  *  *  ».06T»«W  on  X  *  3. *74801  in  00  $.,>78M«,60  00 


1C  <C 

**  t< 

u*  O  O  Ul  X  O 

^  N  ©  Cl  J\  O 

tO  * 

r*  C  f*  O 

^  «  *  *© 

«*  «#  ft  * 

4  to  fl  tO 

•  « 


‘JO  »4o 


o»  O  U 

s$o  «: 

<*  o  *  < 

J#  I  , 
$ 

o  «  o 

1  *  i 

2  1  f 
« 

l  -  i 
*«§  !< 
^  o  < 


1,1,1  •*»  mM,  iwnx  tlMItm  *  no 


S*8 

*Jb 

«•  fst 

.4* 

O 

* 

O  1*1 


33 

*  *4  Of  Wt  — 


o*  * 

J  s 


X  £  X 

§  Li 

8j  •* 

s  [  « 
fi  ;  5  R 


8  .  j  8  .  g 

<  “•  ]  Sf*  « 

If  =S|  =i 


Sjs 


P  . 1 1  li  li  III  III  III' III  1 1|  Hill  ||  li  III . .  ill"  mi'll  1 1 1  |iM  1 1 1  Ini  ul  ||  1 1  n  iihi  im  1 1 1  ii  iiini  n  ii  i  ihiimiiih  i  III  im  II  It  "■  . 

’"  '  1  ■■  "n»l'ltil!'llllli|Fl|ill'aMi|lilliiirii  •trim*  ■ 

»■ 

. . .  mi-  . phi . Muni  fl . .  |i  i'll '.I  ii  1 1  iii|ii|i  |"i-|  |  M  ill"!  |Mi'i-ll'i|i'#i|i|  irirH  h  'f  (if  HfH  ihiI'I  fl  I  »M  0  (M  Mhf  '-M 1 1*  M I  fM  H IW '  i  in  'i  |  m  wH  n  |«m  i  m  m  m  mi  Ml  l>H  r|l'|  Iff  >Hi  l  hi  iiMi  ii  Itfi  ii  i  H+hiw|ih*»1  Ht|1  hH-Hrw-H|nH|hi»i  ,tf  IH|+i  iilfl  fli  I  irt+t  ,h11+H||ip«||^*tttl|'l  i»PMt-tm+l!'*«»im7»#»l*l  in  . .  ■<  |M|""  mi'll . 


«  c 

z  «  z  - 

-4  u,  #  —  UJ * 

o  a.  *  9  © « 

i  ii  ? 

cc  CP  I 

-  O-  < 

<r  •  o* 

fX  «-«  1M  • 

a  |  O 

h>  \  l* 

ir  I  —  ©  it  *»  < 

«  NO  •  *4< 

*  _  tf>  — 

|  **©  ■*< 

a  r*  at  4 

g  I  358  3 ! 

•.  ;  a  £  c  SI 

^  ii  k  i 


20 

(ft 

.  «-  uj  rv  *-* 
O  &/)0 
II  *  I 

c  *  6 

I  CD  ^  • 

or 

>  a  »o 

.  fM  — 

O  © 

K  K 

|  kf\  — *p  IT* 

»  •  **©  • 

ifS  Ift 

i  zt 

;2  328 

L 

c  ©?• 


<  t 

z* 

'  «*  Ui  a-  - 

>  p  u  cc  o 

ll  Si 

*  OD  ©  IR 

>  o4  •* 

»  ^  I  ^ 

\  fti  «-*  N 

©  © 


►  o 

> 

—  a 

►- 

-J 

< 

z 

U.—  p* 

u> 

a  f*  o 

& 

-  i j 


-J© 

<S‘ 


-I!.- 


•  u.  ^  u. 

i!=ii  *jf  4||=ii  =ij  =!|  i  -it  =}f  =5i 


1 1  ~  i 

s 

2*' 

4* 


l  fi  - 

S  . 

<5" 


I  . . 


*m«m«  OWlOffOCfti  IffKM  SHWfiW  i  WAO» 


11-198 


i  m  in  ii  ii  hi  i  ii  i  |i  ii  *  I  in  i  ii  i  ll  1 1  mi  ii  mi  'Mill  I  ii"  . . . . . 11 111 


i « urn lli |l i jn'ii'i in  i  iii'lmi 'III  ii i>  m|i i| mi  nl|  mil . mm Uhl |i '|f|ii' M'llllllll  nn«i . . . 


l  |l  i|l  'I  ll  1 1|  1 1  |1ll  I  I II  llllll'l  II  ll'  II' '  III  |l!  I|  l|  I"  1 1|  I'lH  II I  |H  |l  I  ll*|  I  llll  |l  ml  II'I'III'MIII  . . II  Mill  II'  111 


1.9T05482O  00  X  *  1.03448280  00  -5.570Z9180-01 


U!  m  *"< 

ft.  4*  o 


P  j 


P  o 

<P  03 
cp  t*\ 
1*  ro 
to 
4* 


«**c>  00 

N  CJ  $ 


0C  p 

D<h  a 


04 


tpc 

<JU 


X 

o 

»4*p 


Uff-  c 

U  kf'i 


$  p 


„  ° 
w  O 


9  D 


!$£ 


>*  O 

*-  O 


iffi 

Jr  | 


3o 

o 

04  *#•  I«< 

UNO 
^  I 

o 

00  C 
<\l  *1 
»  tNJ 

rxi  to 


■fff  C 
ZcO 
UJO 
a  4' 
r*l 
<0 
Ci 

o 


« 


flCO 
3tj  O 


Ufo 

u  4* 


ar« 

Dcr 

o<r 


U<P  Q 

«r 


Q>'0 

c 


%4>  O 


P 

Jr 


u 

120 


* 

a 

«jo 


i»  i"i iihMHH^  W».  fnniM  (JUOWWMMI  WflKM  SSIH'MI  4  I^aOI 


ill-200 


JlWIl'IHWfHil'ilimH1 


i|i.|l  I'liu  . . .  ml'ii  ii  i  ">>  >'< 


i"  ilin  . . .  ii  ill  i  ml  il  mil  ii'hii  1 . . . . . . .  1 1  III  1 1  cml  |  q  iuHl  1 1 1  hui « |  m  n  «<  |li  'NiH  n  ■!  i  ■  1 1  n '  ii  . . . 


. "" . . . . . . . HIM . .  Hill  IIIH . . . I . . . I . 

I '  1 1 I . I  h  HI . 1 1 » I'll  I " . 1 1  III  1 1 » I"  . . "Ill  MlpIflMI  nil  I "  II "  I  HI  I  Mil  l"||  . . .  ll|l|ll|  |  III  I  1 1 11,1  III  I  I|I|  |  |l  1 1 1 1 1|  I'll!  |  III  INI  111  Ml  I . .  IIUIIIII  |  fl 


»*  o 

H-  O 


5  c 

atf  o*' 

Ui 

a  o 


—  o 


—  c 

cr  O' 

©  HP 
U  £> 

u~» 

C  Cf 


a 

f 


fflfl 


tf 

LU 

X 

© 

-JO 


t  I  f 

•mum  »»«  M*m  auncwrecwi  mn  amimtiMM 


»h201 


i 


. . I . mil . .  IN 1 1>||  I  >111 II  l-i  I'll  n  1 11 1  ■  II  r  m  h  1 1  hb  I>4 1 1 1 II 1 1 1  ■  1 1 


I  <  it’ll « i|l  In  111  Inn  ■  I !  mill  B I  l|t !  n  n  in,,  ■„ 


. . . . 1- . I'll . . . l-mw*HimWllHll|^>|l . . . . . . . . it . . . . . . . .  . . . .  . . . 


•*E¥*  f  »  1.00555570  00  *  «  1.9B91B990  00  1.0B75332D  00 


I  l?5s 


•  i  i  i  i 

—  — 

+  4*4  +  4 

r*w  m  ^  ^  n  ^ 
fM  *>#  inj  i>  rg  « 


O 


s.  I 


O  IT 


83, 


I 

I 


•»»**»  *0*1* 


NTtIA  N  IS  TAG  HSUCC 


2.2100000000  1.180C 


IQ-U0QQ0QQ005¥*Q-  =  t Bj  1 3  2  *  H  SWSB*  N1 


3400000000  1.3440000000 


838*4*6163  -0.4449883506 


5.450-01  -li.380-01 


2.4145991553  0.9132517479 


NS TAG  NSUCC 


IMF*  SOUfcO  '*fH  BOVJNO  OCCUR! 12)  RERAl.V 

oooaoooo  01  t.uN4U!H)i  t.iumro-oi  0.0 
0  1.10000000  00  1.01TAR250  00  0.0 


}3t0t TITtO  0. 6633 560162 


6. I *2400 00000-01 


1.9401332D  00  6.3062672O-O1 


*48' 

M  21 


J4 

si  r 


8 

|  | 

4  8 

s:i 

!  * 


8  i : 


2  8  4i^ 

)  L  s ;  ,||  i|s 

l;| 

.  Ijs  I  * 

°.*  i  -  *  s 

°  Si  Si 

if  i!  II  ii* 

f  l  w  u 


. 

a 2  l  •! 


4  1 

a  * 

<  2 


-  4 


a  g 

**  o 

*  8 


w  W  — 

‘  Sa 

ooJ 

■  M» 

0*5 

»•«  O  i 
NOO  • 

—  T  * 
— a  o 
■  *  * 

Off  •»  S 

8o  ♦ 

*  im  e 


S*8" 

*42S 

*-i 


§  S  Q- 

~3  -  I* 


sf  J  »  1  : 
±1  J  *  3 


-•NiiattiluM'l  i  nt 


i  s 

4  |  m 

<i  i1: 


l  *5 
“  r 

Si  : 

*4  i 


O  IN 
!*!* 
:s 

X  i  J» 

hi 

$ 


i  ■*- 
Ml! 


«  I  23o 

8i 

o  1 

«  I  N«  Q 

« i  ■  '3 


I  !  3 


!fi 

L2S 

I  4* 

I  • 

*2** 

t  3 

i  «* 


-a  © 

**  • 
o  b>«  « 

-  4  *« 
I  I  12 

S  8 

3  C  Qioo 

?  s  In 

J  ° 

*<8 
.  %i  2 

•  JIm 

« 


♦ 

F  «*  5 

1  ~  s 

-■  a  8 

*4  ?  2 


i  s 


So  8  *1 


t  N»l 


a  55? 
3  .  i  m 


O  $  *  — 

4  I  " 


!  S  3  If* 

?  -<  ?  .38 


.  Ill 


8  s 


%£  «•  i 

i# 


*3  II  ill 

i !  P  I- 

8  a  8  - 

■  X  B 

••••  *  *• 


5*8 

—  3  H.  «  I 

O  Jf  N1 


*  1  u 

t  »  3  -  8  8 


8  5  1  C  s 

4 1  i  M  II! 


a  ?  «fi 

■  i  %s2 
-!  X- 


1 8  X  o- 


H  a 

l!  r 

24  f 


8  X 
•  # 

'# 


S 

—  5k  «k 

3  -  8  *43 

O  o  9  - 


f  5  ill 

s  i  :p 

|li 

•  5—  •• 


- 


18  *  1 

J  *  |3 

*  09 


■  m  m 

t  25  *  si 

-}. :  5I0 

S  ir  1: 7- 


s  ;  § 

8  •  8  nmb 

li  t  S !  • 


lii 


111*1 


O.SUQ«74330 


I* 


2  f 

i  i 

i  * 
X 

f1 

Mlf  * 

eg  i 

f  :1| 


r  f 

•  i 


8  Z 


-  H 
J.  >=  fj ; 

s!  r ; ! 


t  5-  I 


■  3  8 

4  *5 


=  * 
r  !  i 


-?  i:  -i 


< 

i  i  i 

s  :  *  * 


8  £ 


r  i 


*•07 


9.1*039910-01 


*OSSRK  N  -  2  E I N I  *  0.43875000000 


RQSBRK  W  «  _ 

-©.  O.S»lRTiD-0l 


M«l»  -  -0.  S*M1BBOO-OI 


19000000-01 


2  -1.00000000  01  4.91001730-01  3.02113090-01  0.0 

400  -  1.10000000  00  1.20092160  00  1 . 10639260-02 

^  •  1.10639260-07  *  -  1.73148490  OO  3. 02113030-01 


I. 920-01  -9. *00-01 


T  •^♦44745*  0.4741  769707 


C  RUIII  FIM  lOlHl 


orrz»oTt**n>  ctn 


►  W*  * 

»-po 
mJ  T  I 

S|5 

oj  •  fvi  -* 
O.N  #»>  O 


►  IT*  «* 

ill 


3s?8 

ON  O 

oof*  O 


**  O  * 
tc  —  O  , 

*88* 

%s!s 

T~R 

I3  - 

m  © 

(iiO 

si  j 

jS  o  i 

S:M 


i  -5  , 

41  i; 

•*  • 

8 

«  if 

?  !» 


~jc  3 

-f5; 

•to  I 

5»2  o 

o>?  ■*  o 

Olk* 

a**  q 


sis* 
ass  t 


S|  1 

si  . 

-*•  o  1 
4©  ^ 


■w 


!p!i 

h  « 


©o 

l  m  I 

4T 

m  o 
1 

S  2 
S  £ 

!«  | 

O 

I  I 


-s 

!  J* 

i  r 

M 


8  - 

1  1  ° 

9  1 4 

5  i  * 


n  §2 « 

O  UCJ  W, 

-  &  «§5 


!  I 

2  if 

;i  8 

*2  *9 

* 

a  i  *. 

*  i  S 


8  12 

8 

I  y| 

I  LjO)  O 

•  0- 
J  ii, 

3,„s 

-  I  Ea 


kc  ->9  O 

1  T*. 
:  e"i 

-  i 

i  i 


. .  II  Ml  Mill  II II « 1  n  I  >I>  II  mi  III  Ihiimii  IIIIIIII  nil  |I|  II  nil  >||||  <||>  III,  IlMllllllllti'.rir  am  ■ , 


. . .mill 1 1 m I icli >1  mi  -mu >i  mi 


1 


* 


I 


* 


t 


>«* 

►-o 


□ 

1 


oc  . 

a;  * 

300 


£ 

i 

N 


NO 

is 

3 1'6 

O  0% 

090 

00  N 

PH  Psl 


25 

UJ^ 

0. 


Sc 

Sc 

*  J 
D- 

U  m 

a: 


o 

«c 

*! 

1 


I 


N0> 
Hfl  Ui 


1  **3£ 


►  O 
H-O 


c 

0 

0 

m  0 
2  1 1 
m  |  8 

a 

0  m 
0  l 

ac 

*+  1  « 

0 

Of 

s 

.  I 

JC 

c 

•  0 
*  1 

t  ! 

O* 


s8 

M 

S3 

s2g 

S2S 

M  ♦ 

J? 

O  M 

i  -t 

£ 

I  « 

« 

Ul  1  K 

log 


282 

n 


i 


1 


1 

i 


J 

I 


►  o 

HO 


0,1* 

f* 


p« 

a 

t 

M 


►  C 
►•c 

2S 

Ulfl 

&Q 


I 


* 


g 

Q 

S 

f 

♦ 

<4 


X 

o 

o 

8 

00 

S 

£ 

«•> 

N 


M 

a. 

> 

» 


1 

1 

1 

1 


S3 

a.  -4 
* 

£ 


28 

5?§ 

0-0 

°3* 

J! 

c 

o  1  * 


® 

si: 

Ls 

!'i 

1 iS 

is 


1 


1 


<  r 

l  11*1  ...  KIWI  QUVIOM03NI  WIOI  IIWKIK  4  1W0» 


t  '1 


. . . .  IIIN‘1  HU  IHIII'I  PM  HIM  nifir Mflll'llt  ||"I|'|I|M  |lll|l » II I  IN' II IIIIIM  HI  HD  t  nil 


11-257 

M"  ""m  '4Ml*0**itH*m  ItMMtMMwtiHIM  It  HHMIlHtWHlIt  WHMMIINHIIINI  ilm  if  -hi  ‘  r  >!■<( 


INPUT  CMOS  *EM> 


. . . . . . lilt  Mil  I, (tut. 


APPENDIX  k 


PLOTS  FROM  SAMPLE  PROBLEMS 


n-261 


1  ^  . m« . jT"!'  j|'|j"  "|j"|j|||fj|ii 


:  j!  ’  *""1 l”1!^  [IV!11*  I  "t*,r  “’iH'i'pl'  ■*jji!B*',,“i . 11**1 1  *-n» . mu  i|  y ,  m 


CO  TOTAL 


1*001 


[|  ■ 


CDS  +  COP 


RESULTS  OF  PROGRAM  2542F  DATE 


10.07  0  CASE 


3.001  MEMO 


FRAKi£  3 


« 


11-264 


f 


ll|i|‘lll|IHll  mH  Ifl  IHIWNIW  i  ( i!  ii  1 1 1  . . . 


'I  Nltti  IIUII  . .  "  . .  !«•»«»■' 


. . . . in . . . mi . . 


CDFINFtBLUNT  WITH  BLOWING! 


RESULTS  OF  PROGRAM  2542F  DATE 


J  0*  070  CASE 


COI 


RESULTS  OF  PROGRAM  2342F  QATE 


10.070  CASE 


3.001  MEMO 


1.000 


6.0  WO 


Q.OtOO 


0.6100 


6.6 


L 


V'RAME.  5 


11-266 


•  |  m  up  npmnwi»!ifMi,i||,IIMi""1 
'i>l 


mill  II . I . .  II . . 


11 


VELCCITYCFT/SEC3 


J 


FRA  WE.  a 


11-269 


MI+IHII  "|HI  -III  III 4 ill  IIHIHliHn  H HI  HH  HI  IHHI  Willi  I  *14141 IN  IIhirhi  PH  Wli  IWHl  • 


VOOT/G 


RESULTS  OF  PROGRAM  2342F  DATE  10.070  CASE  3.001  MEMO 


■gapMBM 

SB8SSBBHSSSBSB8 

BiBBBBBBSBBSSBSBnB 


TIME  IN  SECONOS 


FRAM  L  9 


II-27C 


. Ml  I'l  Him  . til  1 1 . Hill  M  I’N'IM  IW#|  II  |l  W  HU  I  HIM  I'l'l  II  Mil II  win  II 


»ni mim (i Ml HiimHMtHHlMtUI ftHHHHMNWtttlFUHlN HW f ‘ 


iJ'llllllrlllHlil|i|*llll1IH,ll'l'  llttMHMIHI  I* . ****** 1  '  l,l"'l 1 


RESULTS  OP  PROGRAM  2542F  OATE  10.070  CASE  3.001  MEMO 


issssHHanH 

■haaMaasBBHa 

ibbbbbbbbk«bb 

llllllllllftM 

■bbbb 

liiiiiilHBBBflBBBBBBBBBBBBBBBBi 

bbbbbhbbbi hbbbbbbbbbbbbbbbbbb 


TIME  IN  SECONDS 


FRAME  10 


11-271 


1 1  ■  *  tin  i  t  m  n  Miiii-ii  mini  ii'  iinim  imho  mi  hii  iiihmhhiiiioi  >i  wmi  h+w  i  i  i  him  m«*i  h . . 


DYNAMIC  PRESSURE ILB/ET2 


RESULTS  OF  PROGRAM  2542 F  DATE  10.070  CASE 


TIME  IN  SECONDS 


. . . . . . . . 


RESULTS  OF  PROGRAM  2542F  DATE 


1  0.  070  CASE 


3.001  MEMO 


1.000 


inmiiil 


sdSSH 

BssasasaassBasri 

nrjiSBS 


■■■■■■■■ 

BaggB8BSBag*"Mw 

:  iiii  ■  iviua  ■  ■■■■  ■  ■  ■  ■■  ■■  ■  i ■■  ■ ' 


altituoe  in  feet 


PSCATHOS) 


RESULTS  OF  PROGRAM  23  .2F  OATE  1  0.  070  CASE  3.001  MEMO  1.000 
10 


bbsbbbbbbbbssbs 


I  ■■■■■■■■■ ■■■■■■! 

!■■■  ■  ■■■  mi  ■■■■■i 
■■■■■■■■■■■■mi 


ini 


■■■■■■■■■■i 

■■■■■■■■■■I 

■■■■■■■■■■ 

B  ■■■■■■■■■ 


TIME  IN  SECONOS  ' 


FRAME.  13 


HSR  TO 


RESULTS  OP  PROGRAM  2342F  DATE  10.070  CASE  3.001  NEMO 


HI 

lilBM 


IIHIII 


■  tail 

llll 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 

iiiiimnimiMHiiHiinii 


TIME  IN  SEC0N08 


OOOTCSTAG 3 (BTU/FT2-SEC J 


RESULTS  OF  PROGRAM  2342F  DATE 


10.070  CASE 


3.001  MEMO 


1.000 


TIME  IN  SEC0N09 


eOOTtSONlCHBTU/FT2-SEC3 


RESULTS  OF  PROGRAM  2342F  DATE  10.070  CASE  3.O01  MEMO 


■■■■■■■■■■■■■■■■■■■■■■■——■■ 

EiiiiiiWHHi 

BBBBBBBBBBBBBgiiB 

■■■■■■■iiiiiuiiH 

mu 

■hSBBBiiBhBBBBBShi 

■■■■■■■■■■■■■■■■■ !■■■■■■ ■■■■■■ 

SiSBBSSSSBSSSSiSS 

BBBiBBBKBBSBBBliBi 

■HHBSBBSBBBSKSS 


TIME  IN  SECONDS 


000TC7KBTU/FT2-SEC) 


RESULTS  OF  PROGRAM  2542F  OATE 


10.  07 


•  I* 


t 


*I*f  i 


f  RAML  XI 


Q00Tlt)(BTU/FT2-SEC) 


RESULTS  OF  PROGRAM  2542F  DATE  10.070  CASE 


iBsasaaBSBSB 

sfBBSBSSSBSSISa 


TIME  IN  SECONOS 


FRAME  lO 


I 1-279 


« ii  ii  mu m  iuhuiih  IHIhHH  lUWHffl  1 11 1 !  1 1 II I II 1 1 


iliill  ill1 1 1 1 !  I !  I J I J 1 II H 1 1111  '1 11  'm1 1!1  'll  I'  I'1  II!  IM'  'i' m  i|Ht|  i|in,liHFHpitM»|,*l  i  '"tl  »+«»+H+ft+i  ■  fttl  Jt!  1 !  ^  ^  ,!l  I1 1 ^<11llH|l'l|jMi"ll|t  m,H!!''i|!HI,i|IihimIpIi|  ;|ii; ^  1  <|J  HF 1  f M  t  Kf l,,,  P  l! 1 1^*”  ^  ? 1,11  T  !l+|,l  HIMf|',(l1|l"'!h,i|liiH|(«-|ji 


PEPSBCTANG.  PH 


PEPSBC73 


PEPSBC83 


RESULTS  OF  PROGRAM  2542F  DATE  10-070  CAGE  3.001  MEMO  1.000 


Q.QUlfl 


0.0*00 


O-OiOO 


0.0 


pry 

— 

-T 

— 1- 

1 

7 

— 

_ 

4 

7 

i 

- — 

TTT 

J" 

XI 

■ 

■! 

SI 

„ 

l 

-t 

~4 

i 

— f 

7 

i 

r 

i 

■ 

1 

9 

ft 

4" 

- - 

i 

II 

■Ml 

II 

j 

■1 

■M|| 

B 

Mi  ■ 

— 

_ 

! 

— 

■1 

1 

1 

II 

■ 

T+ 

Ml 

■ 

1 

fll 

i 

"' 11 . 1 

* 

■ 

1 

i 

T~ 

_ 

1 1 .  - 

4= 

=i 

_ 

— 

i 

— 

S' 

ll 

mi 

■ 

s 

— 

— 

-- 

__ 

t 

— 

— 

— 

— 

HI 

jjjjj 

M 

BBl 

8 

—  -MM- 

i 

i- 

■1 

II 

B 

B 

■ 

—  ■**** 

■OMMM 

Ml 

■ 

■ 

i 

■ 

—  — » 

■ 

■ 

HI 

MHMl 

fl 

MM.  — — 

H 

■i 

■ 

B 

MM.  — - 

. —  ^ 

■ 

Mi 

1 

B 

““  .  ir1 

— 

— 

7 

. . 

■ 

H 

B 

B 

B 

— 

“ 

□ 

■ 

B 

B 

fl 

■ 

P 

B 

MM.  — ■ 

“ 

— 

■ 

■ 

s 

■ 

_ 

— 

— 

■ 

■ 

B 

““  '  '"nnm" 

□ 

■MM 

M 

IB 

fl 

mmm* 

1 

ll 

n 

■ 

n 

■ 

i 

■ 

IB 

■ 

IB 

B 

I1 

IB 

■ 

B 

B 

H 

B 

B 

IB 

IB 

■■i 

■■ 

|| 

|| 

II 

|| 

n 

ii 

n 

1 

n 

>■ 

II 

I 

II 

IB 

B 

■ 

1 

■ 

B 

H 

IB 

a 

■ 

■n 

■1 

II 

|| 

II 

ll 

ia 

ii 

ll 

ii 

■ 

» 

II 

II 

II 

II 

■ 

■ 

II 

B 

B 

H 

■ 

■ 

II 

1 

■■ 

II 

|| 

II 

ll 

n 

n 

ii 

ii 

ii 

ll 

|| 

ll 

II 

IB 

>■ 

1 

II 

fl 

II 

■ 

ii 

1 

1 

flfll 

■■ 

II 

|| 

II 

ll 

n 

n 

ll 

n 

ii 

i 

II 

,a 

II 

II 

IB 

II 

■ 

II 

■ 

1 

IH 

1 

ii 

II 

1 

■■1 

■  ■ 

|| 

|| 

II 

|| 

n 

n 

in 

ii 

ll 

ll 

II 

II 

II 

II 

II 

II 

ll 

■ 

IH 

■ 

ii 

II 

1 

■■1 

U 

II 

ll 

II 

|| 

n 

n 

ill 

ii 

n 

n 

II 

II 

II 

II 

II 

II 

1 

II 

1 

1 

IH 

1 

ii 

II 

B 

■n 

■  I 

II 

l 

II 

ll 

n 

ill 

n 

ll 

ll 

II 

II 

II 

II 

■ 

II 

1 

1 

IH 

1 

1 

■n 

|| 

II 

|| 

II 

|| 

ii 

ii 

ill 

ll 

n 

ll 

II 

II 

II 

II 

II 

II 

■ 

1 

IH 

II 

ii 

II 

B 

i  * 

■5 

II 

ll 

II 

ll 

ii 

ii 

hi 

n 

II 

II 

II 

■ 

II 

fl 

ID 


TIME  IN  SECONDS 


FRAME-  21 


L"— 282 


WAKE  LI 


ALTITUDE  IN  FEET 


WAKE  R1 


delta  velocty 


DELTA  WAKE  LI 


1  0.  070  CASE  3.001  MEMO  1.  000 


SgSBaaiagiaiaaiBiBa! 

ima—sa 

aaaaaBBBaeaBaBB 

ssiSsssSUssrississSsissssKsS: 

■■■■■■■laiKBHUiHmiamS! 

■■■■■■■■■■■■■■■fiSBBiimamaa 


oelta  wake  ri 


DATE 


10.070  CASE 


3.001  MEMO 


1.000 


